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Description of Manchurian Blast Furnace 


One Hundred and Fifty-Ton Blast Furnace, With McClure Three- 

Pass Stoves — Second Furnace Bemg Built — Notes Concerning 

Smelting .of Local Ores—85% of Pig Iron Exported to Japan. 
By C. F. WANG. 


A comprehensive description of the coal and iron 
deposits of the Pen-hsi-hu district in Manchuria 1s 
given by the author in a recent paper read before the 
A.I.M.E. The paper describes Manchuria in general, 
the coal and iron deposits of this district and the blast 
furnace plant of the joint Chinese and Japanese firm. 
The following is a description of the blast furnace 
plant which is taken from the above mentioned paper. 

The first blast furnace was completed in Decem- 
ber, 1914, after one year’s work for erection. The 
plan of the company is to build eight blast furnaces 
and a steel plant. A second blast furnace is approach- 
ing completion. The No. 1 blast furnace was built 
by Pearson, Knowles & Co., of England, at a cost of 
$2,400,000 (Mex.) for the whole equipment. It is 83 
feet 3 inches (25.3 .m, 7.6 cm) above ground level, 
with two exhaust stacks of 75 feet 9 inches (22.8 m, 
22.8 cm) high, standing above the charging level. The 
distance between the charging level and hearth bot- 
tom is 65 feet 7 inches (19.8 m, 17.7 cm). The hearth 
diameter is 9 feet 101/10 inches and 7 feet 107/16 
inches high. The bosh is 17 feet 814 inches in diam- 
eter and height 14 feet 715/16 inches. The diameter 
of the furnace tops is 11 feet 11%4 inches. The cubical 
capacity of No. 1 blast furnace is 10,279.34 cubic feet. 
The second blast furnace is of similar dimensions and 
of similar design, but is slightly larger in capacity, 
being 7 cubic feet bigger. It is being built by the 
Dairen Sa-ho-k’ou Iron Works from pieces brought 
from the United States, Jauan, and Hanyang Iron & 
Steel Works because of the war. The furnace has two 

sets of tuyeres, one above the other, with nine tuyeres 


of 434 inches diameter each. The upper set was in- | 


tended for emergency use, but it was later found better 
to use both of them. The charging is done by an in- 
clined hoist with a charging bucket of two tons’ ca- 
pacity. It has a length of 164 feet with an inclination 
of 51 deg. The dynamo is 37 hp. There are three 
hot-blast stoves for No. 1 furnace. 
McClure type (three-pass), each 90 feet high (27,432 
mm). 20 feet (6,095 mm) in diameter, furnished with 
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a stack of 70 feet (21,316 mm) high and 6 feet 3 inches 
diameter (2,057 mm). The discharge valve of the hot 
blast is 8 feet 8 inches (1,143 mm) above the floor. 
The air is supplied by two turbo blowers, each having 
a capacity of 16,000 cubic feet per minute at, four to 
seven pounds pressure per square inch at 3,000 r.p.m. 
They were made in Germany; one is used ata time. 
The set for No. 2 furnace will be from Switzerland. 
The second blast furnace is equipped with four hot- 
blast .stoves of the same size; one will be held as 
reserve for emergencies for either No. 1 or No. 2 blast 
furnace when a stove needs repairing. We have found 


that three blast stoves are quite insufficient to keep 


up.a constant blast temperature, especially during the 
severe cold of winter; as around 40 deg. C. below zero 
Is not uncommon during December, January and 
February. The blast can be adjusted with cold air to 
maintain an even temperature blast. The temperature 
used is from 600 to 650 deg. C. depending upon the 


Pen-hsi-hu blast furnaces—Sections in mm. 


kind of iron produced. There is so much dust in the 
furnace gas that it is impossible to use it for heating 
under boilers; it is also injurious to the blast stove 
bricks. The gas carries so much magnetite and lime 
dust that the firebricks melt down often after a few 
days of excessive heating, which is sometimes neces- 
sary, especially when only two stoves are operating. 

A gas-cleaning plant will be installed with the 
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second blast furnace. The gas from the furnace is first 
to pass through a dust chamber of spiral type (the 
dust chamber for No. 1 blast furnace is a two-cylinder 
type 8,500 mm by 6,858 mm inner cylinder dimen- 
sion), then through a scrubbing apparatus where the 
gas is washed with water in fine jets. This gas- 
washing plant consists of one cleanser and one dryer 
for the gas from each blast furnace. The cleanser is 
79 feet 4%4 inches (24 m 10.8 cm) above ground, 58 
feet 2% inches (17.6 m 5.6 cm) high itself and 15 feet 
(4.5m) in diameter. It has three sets of wooden baf- 
fles with four sets of eight 214-inch water nozzles 
followed by two alternate sets of perforated steel tray 
and wooden hurdles in the path of the down-coming 
water. The gas is to enter at the bottom and travel 
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patented in England by our department engineer, S. 
Sugimoto. 

The slag is used for filling low areas of the com- 
pany’s ground. Recently we have been disintegrating 
the slag with a nozzle of water and using it for mak- 
ing slag bricks. The second slag notch is specially 
used for this purpose. The slag is mixed with one- 
fourth lime, ground by two Chilean mills, and molded 
by hand, either by men or women, into bricks. These 
bricks withstand crushing well and they set after two 
weeks’ time; the longer the stronger. They are not 
burned and they cost about $7 silver per thousand, in- 
cluding everything, which is about the same price as 
the burned red bricks. Behind the furnaces is the ore 
and limestone yard, which is connected by railroads. 
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Part of blast furnace plant, showing native method of coking near blast furnace—Each pit yields 45 to 54 tons of coke and has a 
capacity of 70 to 85 tons of coal. 


upward. The dryer is a cylinder 14 feet 8% inches 
long and 12 feet in diameter, with two ends attached 
each to a frustrum, making a total length of 21 feet 
81% inches for the dryer. It is intended to utilize the 
washed gas for heating boilers which are now being 
built behind the main power house. There are three 
boilers for washed gas and two sets of Wilcox and 
Babcock boilers for coal, in case of emergency. All 
the firebricks in the blast stoves and for the second 
blast furnace are made by the Kailan Mining Admiin- 
istration, Tangshan, China. These bricks are fairly 
good. The forced-draft burner to the blast stoves was 
changed last year to insure quicker burning and a 
larger draw of free air from the atmosphere. It is 
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The limestone is now transported here directly from 
the quarry by means of aerial tram of over 6,000 feet 
(1,828 m) length. Each bucket holds one-quarter ton 
weight, the total number of buckets being 70. To run 
this aerial line, a 36-hp dynamo is used, but the line 
is mostly self-running by gravity. All trestles are 
made of wood. The cost was about $30,000 Mex. for 
this installation. The limestone costs about 70 cents 
per ton, or 35 cents gold. Coke is loaded on cars 
from the coking yard directly to the inclined hoist, 
taking two tons each time. The coke costs about $7 
Mex. or $3.50 gold per ton, delivered at the charging 
station. 

The first blow-in was made on January 13, 1915. 
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It was thought that hematite was necessary to mix 
with the rich magnesite for smelting; accordingly 
hematite ores from Kaisan, Angaku and Sainai, Korea, 
were bought. Some analyses of these ores are shown 
in Table I. 


Table I—Analyses of Korean Iron Ores. 

Ore Fe SiO. AlO;s CaO MgO H P S 
Rich’ ore.:::°65.85 509 O55 O88 ..... O55 O02) 0.55) 
Kaisan ore.. 47.31 13.51 1.60 1.670 0.615 0.30 0.063 0.051 
Angaku ore. 49.97 21.67 1.40 1.14 0.688 0.50 0.034 0.73 
Sainai ore... 51.73 1980 2.14 106 ..... .... 0069 1.53 

These ores were mixed proportionally, but the out- 
put during 1915 was small. The high ash and espe- 
cially the high-alumina ash in the coke, makes the 
slag high in alumina; as a result the slag became very 


viscous. At the same time, the blast stoves could not 
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smelting zone has been pushed up; undoubtedly many 


_ explosions in the hearth can be attributed to this 


practice; but this high heat provides the heat required 
for such viscous slags. To bring the alumina lower 
and silica higher, siliceous ore (Kaisan ore) was again 
used to mix in, at the end of May, 1916. A sudden 
drop of output immediately ensued, from 147 down to 
109 tons per day, but gradually, with adjustment of 
charge, it again reached and then broke the record, 
158 tons being averaged per day for a month in No- 
vember. The slag has been brought to Si0., 30 per 
cent; Al,O,, 19 per cent; CaO, 44 per cent; which is 
a much better slag to run with. The temperature of 
the blast also has been better adjusted, being around 
650 deg. all the time since June. The record shows 
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The blast for the 150-ton furnace is heated by the three-pass McClure stoves and supplied by two turbo blowers, each having a 
capacity of 16,000 cubic feet per minute at four to seven pounds pressure per square inch at 3,000 r.p.m. 


produce sufficient hot blast. This led the engineer in 
charge to think that since the upper set of tuyeres 
was still left idle, he would try to use the two sets 
together. The attempt was successful, and he began 
to improve the blast-stove burner because of the 
greater amount of hot blast required. In the latter 
part of 1915, and during April and May, 1916, exclu- 
sive use of magnetite was tried; for a few months a 
charge of 47 ore, 14.5 limestone and 40 coke, producing 
a slag of 28.25 per cent SiO,, 25.13 per cent AIl,O, 
and 41.27 CaO. The average production has been 
raised from 120 to 150 tons and over per day for three 
months, reducing the coke ratio from 1.5 to 1.1 per ton 
pig iron. But the pig iron produced is not of high 
grade. Owing to the use of both sets of tuyeres, the 
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clearly with temperature constant and other things 
remaining the same, that a slag of higher silica and 
lower alumina is a better slag. If the addition of 
Korean ore is nothing but a question of silica there is 
no need of paying high freight rates to transport these 
low-grade iron ores from Korea, as we have more 
than plenty of low-grade magnetite at our disposal. 
The practice is now generally abandoned, and our 
own ores will be exclusively used from now on. In 
the short life of the first furnace, not yet two years, 
we have had many explosions below the slag-notch 
level, bursting the hearth cylinder through into holes. 
Also, we have some hang-ups, but usually they do not 
cause great inconvenience, as with some adjustment 
of the blast or otherwise they usually come down. 
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Suggestions for the Steel Mill Chemist 


Phosphorus Determination in Washed Metal Simplified—Paper 
Pulp Used for Filter — Construction of Gas Apparatus. 
Other Suggestions to Increase Efficiency in the Laboratory. 


By H. E. MOYER,. 
Chief Chemist, Brier Hill Steel Company. 


In looking about for something that might be of 
interest and possibly be helpful to others who are 
engaged in the work of an iron and steel laboratory, 
we picked out a few homely points in our practice and 
experience that may not be generally known and pos- 
sibly one or two of them not at all. They are more 
or less unrelated to each other as will be noted. 

The first has to do with the determination of phos- 
phorus in washed metal. The difficulty with which 
this material goes into solution in nitric acid had 


effect of the hydrofluoric acid and the amount of po- 
tassium permanganate necessary. 

Now we practically use the wet oxidation and 
alkali titration method in doing our phosphorus in 
washed metal, except that we boil a little longer after 
solution and we use more permanganate. (Long boil- 
ing cannot produce inconvenience as there is no silica 
present to become gelatinous.) 

It is no strenuous task now to do a phosphorus in 
washed metal in 40 minutes, whereas it took about 


always stood in the way of saving 
time by wet oxidation, until by ac- 
cident we discovered a very simple 
way of accomplishing it. 

A few years ago while blowing 
in a blast furnace the usual difficulty 
in filtering out the silica incident to 
the determination of phosphorus in 
pig iron was encountered in the 
laboratory. To get action a little 
hydrofluoric acid was added to the 
wash. Aside from producing the 
desired result, it produced also a fil- 
trate considerably lighter in color 
than when it was not used. This ac- 
tion gave opportunity for delibera- 
tion. Recalling the facts in regard 
to the similarity between silicon and 
carbon in their chemical reactions, 
we attributed the lighter color to 
the effect of the hydrofluoric acid on 
the brown carbon in the nitric acid 
solution. 


The author of this article presents 
ina simple and clear manner several 
points which will.be found valuable 
to the steel mill chemist. Quoting the 
author, “these points are comparative- 
ly trivial as viewed from the stand- 
point of the great science of chem- 
istry, but as viewed from the stand- 
point of having an analysts accurately 
made before a heat of steel has cooled 
sufficiently to roll, they and their like, 
play a very tx:portant part.” Only too 
frequently are such articles presented 
by chemists through the columns of 
the technical journal. Tue Buasr 
FURNACE AND STEEL PLANT will wel- 
come further suggestions of thts na- 
ture from readers. Why not give 
others the benefit of your experience? 
The suggestions presented by Mr. 
Mover and read by practically every 
chemist in the steel industry in this 
country will aid many laboratories in 
speeding up production. This is our 
idea of a real patriotic service. 


two hours by the older methods. 
The point just mentioned is, of 
course, chemical: but the others are 
wholly, or nearly so, of a mechan- 
ical nature. . 
The old saw, “There is nothing 
new under the sun,” works out true 
occasionally as it did in the follow- 
ing case; but perhaps its final adap- 
tation to a special purpose may be 
sufficiently new to be of interest. 
As far as we know no one else is 
making use of the device which has 
saved us a great deal of time and 
trouble. a ¢ 
From experience with the very 
hne precipitate of tin oxide obtained 
when tin-bearing spelter is dissolved 
in nitric acid, we learned to use 
paper pulp to clog up the pores of 
the filter. This worked so effective- 
ly that we began to use it when 
filtering the yellow precipitate in 


This observation was found to be 
useful. Up to this time we had not 
been able to dissolve our powdered washed metal in 
nitric acid of 1.135 specific gravity for the rapid deter- 
mination of phosphorus by the “handy method.” We 
had believed the difficulty was due to the protection 
which the gummy brown carbon gave to the small 
particles of the metal by keeping the acid away from 
them. (Washed metal contains 3.25 to 4.25 per cent 
combined carbon.) A drop of hydrofluoric acid added 
at intervals when the activity of the acid was slowing 
down accomplished just what we suspected it might. 
About 10 drops were thus used'to bring about com- 
plete solution. 

This led to a little further work in regard to the 
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phosphorus work to prevent its run- 
ning through when it came down 
fine. Finally we began to use pulp without paper and 
with such success that the bovs could hardly be in- 
duced to do otherwise. 

We are using a 3 by 1 inch carbon tube containing 
a perforated porcelain disc to support the pulp which 
is drawn by strong suction to a compact mass about 
ve to 4 inch thick. Continuing the strong suction 
the precipitate and filtrate are poured into the tube 
without waiting for the solution to clear after the 
shaking 1s finished. The washing is done as with 
paper. There can be no creeping over the edges and 
the filtrate is always clear as crystal. The efficiency 
of the pulp filter tends to better work because there 


March, 1918 


is no fear of running the precipitate over the edges 
and the work is well done. The transfer to the flask 
is very simple, as it requires only a slender glass rod 
to push it up from below and small tweezers to put 
the pulp and precipitate into the flask. The disc can 
then be returned to the flask. | 

It is curious, though not especially surprising, that 
the paper clippings from close papers made a close 
slow-filtering pulp and the open papers made an open 
fast-filtering pulp. Aside from the resistance to solu- 
tion which washed metal presents, on account of the 
high percentage of combined carbon, there is another 
fact that is strongly emphasized by this. The hydro- 
carbons evolved by solution in hot, strong hydrochloric 
acid are a source of grave error when a sample of the 
metal gets into the hands of a chemist who follows 
the idea that the use of hot, strong hydrochloric gets 
more sulphur out of iron or steel than the usual 1.1 
specific gravity warmed to between 60 and 80 deg. C. 

A washed metal showing .023 sulphur by careful 
gravimetric work will show wild results, some’as high 
as 050 by the use of the hot, strong acid; but if the 
cadmium sulphide 1s filtered out, stirred up in cold 
water and then acidified and titrated. it will show 
close to .023. 

The filtrate will absorb iodine to make up the dif- 
ference .023 and .050. Why? We have not done 
enough research work on this question to answer posi- 
tively; but we have an idea that explains it, at least 
apparently. 

In work on oils, we learn that oils have an iodine 
absorption value that varies sufficiently between dif- 
ferent oils to furnish, in connection with other data, 
a valuable means of identifying them. We believe 
the oil that is produced by the nascent hydrogen in 
contact with the nascent carbon during the act of 
solution absorbs the excess iodine before the starch 
indicator is attacked. 

We have at times been told that the hydrocarbons 
interfere with volumetric sulphur work but, judging 
by the general practice, this information has not been 
seriously received. No doubt this is due to the fact 
that the usual acid used (the acid strength before men- 
tioned; namely, 1.1 sp. gr.), warmed to between 60 
and 80 deg. C., and the fact that the bulk of the iron 
and steel manufactured contains too little carbon to 
be noticed in this way. 

The next point has nothing to do with washed 
metal but deals with the construction of a gas appa- 
ratus. (Manufacturers please take notice.) The usual 
modified Orsat style of apparatus is very pretty and 
scientific to look at, but in actual operation many 
pipettes have to be replaced so that each operator is 
2 nurse two-thirds of his time unless an easy way is 
provided for replacing broken parts. 

To begin with, there is one support for all of the 
pipettes together and it is fixed. This requires re- 
newals to be of exactly the same size as the originals 
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and makes it necessary.to lift the capillary and all of 
the other pipettes to put.them in place. 

We concluded it was easier for “Mohomet to go 
to the mountain,” so we have devised a support for 
cach individual pipette. This support is like the 
letter L. The horizontal part has a slot in it to fit 
the pipette. The vertical part slides in a groove in 
the backboard and is held at any elevation by means 
of a bolt and thumbscrew, which works through a slot. 

In a few minutes, without disturbing the capillary 
or the other pipettes, the support can be lowered and a 
renewal made as quickly as a Hempel pipette can be 
exchanged for another with this advantage, that the 
exchange 1s made only when there 1s a break. Also, 
there is the added advantage that one can go into the 
market and get spare parts that always fit. 

With us this device, coupled with another, spells 
the difference between inefficiency and efficiency. The 
other device, like the one just mentioned, 1s not new 
in principle but may be in application. 

To lift the bottle or bulb containing the mercury 
directly by hand and clamping a ring support to a 
rod at each stop, when passing the gas back and 
forth, is an inconvenience and a time consumer that 
we have side-stepped. We have arranged a pullev 
above the mercury contained and provided a support 
which works in a slide much as an elevator works in 
a tall building. The weight of the mercury and sup- 
port is counterpoised by passing a small cable over 
the pulley and attaching it at its ends to the weight 
and counterpoise respectively. Another pulley is set 
opposite the first one mentioned and supports another 
small cable attached to the support also. This cable 
passes over -the pulley, downward under a second pul- 
ley, twice around a wheel bearing a crank pin, then 
back by a similar rout by way of the lower end of 
the slide to the under side of the mercury support. The 
cable’is kept taut by means of a movable pulley which 
takes up the slack. ' Turning the wheel by means of 
the crank pin raises or lowers the mercury bulb. All 
this is kept well oiled, and the most delicate adjust- 
ment can be made without taking the eye from the 
burette,, The counterpoise, aided by a little friction 
in the slide, holds the mercury bulb in any elevation 
desired. | 

Insofar as the absorption apparatus itself is -con- 
cerned, it is an amplification of Burrell’s idea of the 
Orsat type. We have added inlet cocks to the capil- 
lary tube which are permanently connected with oxy- 
gen supply, with hydrogen supply, lead acetate pipette 
and with a palladium asbestos tube. 

The writer is fully aware of the fact that these 
points which he has chosen to present in this way are 
comparatively trivial, as viewed from the standpoint 
of the great science of chemistry; but, as viewed from 
the standpoint of having an analysis accurately made 
before a heat of steel has cooled sufficiently to roll, 
they and their like play a very important part. 
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Problems of Hot Blast Stove Design — 


Computations Showing How to Obtain the Best Economy 
in Gas Consumption — Chimney Valve Area and Location 
Considered—Temperature Conditions in Wall of Hot Blast Stove. 


By A. D. WILLIAMS. 
Copyright 1918, by A. D. Williams. 


Starting in with the assumption that the stove pro- 
posed is to heat 20 m® of air per second (equivalent 
to 42,400 cubic feet per minute) to a temperature of 
800 deg. with an air period of one hour, the preliminary 
data may be stated as follows: 

Amount of air to be heated per second.. 20 m* 00 

Time on air to be heated, 1 hour........ 3,600 sec. 

Blast pressure, normal one atmosphere. 1.033 kg./cm’ 

Cold blast temperature in main about.. 80° 

Hot blast temperature average.......... 800° 

The meteorological reports of the government sup- 
ply the following data from a station located in the 
region where the stove will be used. 


Mean annual temperature of air........ 10° 
Minimum observed temperature.... 27° 
Maximum observed temperature.... 27° 

Mean actual barometer................. 745 mm. 

Mean annual humidity, relative......... 75 per cent. 


Maximum relative humidity reported 82 per cent. 
Minimum relative humidity reported 59 per cent. 
Average hourly velocity of wind....... 6 m 10 per sec. 
Air at.10 deg. when saturated with moisture holds 
9.33 grammes of water per cubic meter. If 75 per 
cent saturated the moisture will be: 


9.33 & 0.75 = 7.00 gr. per cubic meter. 


And the amount of moisture contained in 100 mole- 
cular volumes of air or 2m 232 at 0 deg. and 760 mm 
will be: 


(2.232 + 1.0867) & 7.00 = 15.1 grammes = 0.& molecules. 


, Lhe curve, Fig. 1, gives the heat capacity curves, 
according to Mallard and Le Chatelier, for 100 gramme 
molecules of water and air. The following values may 
be obtained from them: 

Air Moisture 
582 823 


Heat capacity at 800°, calories......... 
Heat capacity at 80°, calories......... 50 65 


‘Calories required for 720° rise in 100 _ _ 
MOlECUlES  ¢éiscsdeeesdseen ee eens 532 758 


The number of molecular volumes of air to be 
heated per second is: 


20.00 ~ 0.02232 = 897 molecular volumes. 
The amount of water to be heated per second is: 


8.97 * 0.84 = 7.54 molecules. 


The heat required per second will be: 


For air: 897 X 5.32 = ...... cece ween 4,777 calories. 
For water vapor: 7.54 X 7.58 =...... 57 calories. 
Total per second =—...........06. 4,834 calories. 
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From this the heat required by the air per cycle 
will be: 


One hour on air = 4,834 3,600 = 17,400,000 calories. 


With an average temperature change in the brick- 
work of the checkers of 100 deg, the weight of the 
checker brick required will be: 


17,400,CCO 
100 X 0.25 


As clay refractory brick weigh about 1,800 kg. per 
cubic meter, the brick volume will be: 


700,000 = 1,800 = 
The temperature rise of the air is 800 deg. — 80 


= 695,000 kg. of brickwork. say 700,000 kg. 


390 cubic meters. 
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Fig. 1—Heat capacity curves according to Mallard and Le 
Chatelier for 100 gramme molecules of water and air. 


deg. = 720 deg., allowing for a temperature rise of 100 
deg. per second the air should remain in the checker- 
work 7.2 seconds. The average temperature of the 
air = (800 deg. + 80 deg.) + 2 = 440 deg. At an ab- 
solute pressure of two atmospheres the average volume 
of the air will be: 


20.00 & 0.50 & 2615 = 26 m’® 15 per second. 


The open space in the ‘checkers should, therefore, 
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have a volume of 26.15 X 7.2 = 188 cubic meters. 

The checkerwork consists of a number of square 
openings separated by walls, while at the corner of 
the openings a square column of brick is formed. The 
ratio between the diagonal of a square and one of its 
side is 


V2= 141. 


_ Therefore, if the brickwork is to give out its heat 
in one hour this corner effect must be allowed for by 
taking a wall thickness which will attain, say about 
90 per cent, of the surface temperature change in one- 
half hour. Referring to the curve, Fig. 6 (page 32, 
January issue), it will be seen that a 75 mm or 3-inch 
wall approximates this condition. With an air period 
of two hours the wall should be about 414 inches thick, 
and the total weight of the brickwork would be twice 
that required for a one-hour air period. 

The total volume required for the checkerwork 
will be: 
390 + 1&8 = 578 cubic meters. 
and: 188 — 578 = 0.326 coefficient for openings. 
390 + 578 = 0.674 coefficient for brickwork. 
Then for a unit area of checker the proportion of 
the side of the square occupied by the opening will be 


\/ 0.326 = 0.57. 


The portion occupied by the surrounding. brick: 
work will be: 
1.00 — 057 = 0.43. 
As the wall thickness has been fixed at 75 mm, the 
side of the square required for one opening and one- 
half of its surrounding walls will be: 


0.075 ~ 043 = 0.175 meters. 


Then the side of a checker opening will = 0.175 — 0.075 
= 0.100 m’. 

The area occupied by each checker = 0.175 0.175 = 0.0306 

The area occupied by each opening = 0.100 x 0.100 = 0.0100 

rick area per opening...................-.. cde cnetsine = 0.0206 


The lineal amount of checkerwork will be: 


Based on opening = 188 ~ 0.01 = 18,800 meters. 
Based on brick = 390 ~— 0.0206 = 19,000 meters. 
Using the largest of these values the checker vol- 
ume may be arranged in anyone of the following 
schemes: 


Number of Open area Height Average air 
checker square of checker- velocity meters 
openings meters work meters per second 
100 1.00 190.00 26.15 
400 4.00 47.50 6.54 
700 7.00 27.20 3.75 
800 8.00 23.75 3.27 


It is probable that either of these last two will be 
economical when the shell-plate work is considered. 
In the second case the total heating surface will be: 


800 « 23.75 & 4 & 0.100 = 7,600 m’*. 
The rate of heat output will be: 


4.834 -—- 7,600 = 0.636 calories per square meter per second. 
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Assuming a 10 per cent interchange loss in the 
checkers, due to changing from gas to air and heat 
dissipated from the shell of the stove, sufficient gas 
will have to be consumed to supply: 


17,400,000 ~ 0.90 = 19,450,000 calories. 


Allowing six minutes for each change from gas to 
air, or air to gas, the heating period will be 2 hours 
48 minutes, or 10,800 seconds. On this basis the heat 
supply per second will be: 


19,450,000 — 10,800 = 1,800 calories per second. 


Assuming combustion with 20 per cent excess air 
supply, with a temperature of 1,200, 1,100 and 1,000 
deg. at the top of the checkerwork and an off gas 
temperature averaging 200 deg. at the bottom of the 
checkerwork, the heat capacity of the off gases be- 
tween these temperature limits is given in the curve, 
Fig. 1 (issue of February, “Hot Blast Stoves”). The 
gas consumption per second may be approximated as 
follows: oie 7 

Initial 
temperature 
,200° 1,800 = (1,790 — 253) = 117 mol. vols. = 2 m’ 60. 

1,100° 1,800 ~ (1,645 — 253) = 120 mol. vols. = 2 m? 88. 

1,000° 1,800 - (1,452 — 253) = 150 mol. vols. = 3 m’ 36. 

An increase in the chimney gas temperature of' 100 
deg. or to an average temperature of 300 deg. will 
increase the gas consumption per second to the follow- 


ing values: 


Initial | 
temperature ek 
1,2C0° 1.200 ~ (1,790 — 385) = 128 mol. vols. = 2 ni® 86. 
1.100° 1,860 + (1,645 — 385) = 143 mol. vols. = 3 m’ 20. 
1,000° 1,800 = (1,452 — 385) = 169 mol. vols. = 3 m* 78. 

This shows that an increase in initial temperature 
of 100 deg. gives a decrease in gas consumption of 
approximately 10 per cent, and an increase of 100 deg. 
in the stack temperature increases the gas cunsump- 
tion 10 per cent, approximately. 

An increase in the air supply from 20 per cent to 
40 per cent excess, with the chimney gas at 200 deg.. 
would give the following gas consumption per second: 

Initial 
temperature 

1,100° 1,800 = (1,680 — 272) = 128 mol. vols. = 2 m* &. 

1,000° 1,800 =~ (1,555 — 272) = 139 mol. vols. = 3 m' 10. 

With 140 per cent air supply and a chimney gas 
temperature of 300 deg. the gas consumption per sec- 
ond will be: 

Initial 
temperature 

1,100° 1,800 — (1,680 — 415) = 142 mol. vols. = 3 m? 16. 

1,000° 1,800 — (1,555 — 415) = 158 mol. vols. = 3 m’ 53. 

These computations reveal an interesting peculiar- 
ity in the combustion of blast furnace gas, which it 
shares with other gases in which the percentage of 
combustible elements does not constitute a large vol- 
ume. That is, that the amount of excess air may vary 
within wide limits with a very small effect upon the 
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heat capacity of the off gases between definite tem- 
perature limits. However, the real reason that excess 
air is undesirable lies in the resulting reduction of the 
flame temperature. The best economy in gas con- 
sumption may only be attained by burning the gas in 
a manner to give the highest possible flame tempera- 
ture and by keeping the temperature of the stack 
gases down to the minimum required for draft pur- 
poses. In fact, the chimney gas temperature requires 
close watching. 


Fig. 2 shows diagramatically the ideal conditions 
which should exist in .a checkerwork enclosed in an 
athermal chamber. The three sets of lines show re- 
spectively the average and the maximum and minimum 
swings in temperature for the off gases, the brick- 


s 


: 
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Fig. 2—Diagramatical representation of ideal conditions which 
Pacbakourd exist in a checkerwork enclosed in an athermal 
chamber. 


work and the:air: In practice this straight-line con- 
dition may be only approximated, but the closer the 
practical operating conditions approach this ideal the 
better. the results. In the actual checker the brick 
temperatures will tend to have a greater distance be- 
tween the isothermals at the bottom than at the top, 
due to the very much larger amount of heat trans- 
mitted through the outer walls and lost. 


With 20 per cent excess air there will be 168 vol- 
umes of off gases for every 100 volumes of gas burnt. 
Assuming a temperature of 1,200 deg. in the combus- 
tion chamber, that combustion may be completed in 
two seconds and that 150 molecular volumes of gas 
are consumied each second; the volume of combustion 
chamber required may be found as follows: 


1.68 « 150 « 0.02232 « 5.404 = 30 m’ 03, say 30 m*. 


~ Should a lesser quantity of gas be burnt, the off 
gases will remain longer in the combustion chamber 
and the same result would follow a reduction in tert 
ruling temperature. 

The ideal location for the combustion chamber 
would be on top of the checkerwork. Convenience in 
inspection, maintenance and operation dictate the loca- 
tion of all. valves connected with a stove as close as 
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possible -to-the ground level. Elevated valves which 
were difficult to maintain have always been held against 
the thrée-pass stove and this is a valid objection to such 
However, it is very possible that the location 
ot the combustion chamber on top of the checkerwork 
may be arranged and at the same time all of the con- 
trol valves may be located near the ground, with the 
attending advantage that at the same. time the com- 
bustion conditions are improved. 


The chimney valve area will be fixed by the volume 
of the off gases at the stack temperature and the ve- 
locity through the chimney valve. One chimney valve 
is all that is absolutely required, provided its area is 
sufficient and the chamber below the checkers is so 
designed that the gas currents dropping from the 
checkerwork have room to lose the greater portion of 
their velocity. The average temperature of the chim- 
ney gases has been assumed as 200 deg. and their 
volume will be: 


1.68 X 150 0.02232 X 1.734 = 9 m' 70. ci Sa 


With a velocity of 10 ~meters per second through 
the chimney valve it would have a diameter of 1 m‘T50, 
about 45 inches. A velocity head will be required of: 


Cc 


5.10 X 1.29 
———_———— = 3.8 mm of water. 
1.734 


im: 9" 


— 
Maintenance or manufacturing convenience might 


dictate the use of smaller values, using two or more 
in place of one bigrone. The valve area might also be 
reduced by placing it in the throat of a venturi cone. 
When the velocity is increased the head or pressure 
required increases as the square of the velocity and 
valve strangulation is one of the reasons why high 
stacks are required by many stove installations. 

' For the cold and hot blast valves higher velocities 
are permissible up to 30 or 40 meters per second maxi- 
mum. 


The usual thickness of the brick wall outside of the 
checkerwork is about 18 inches (450 mm) with 22.5 
inches (470 mm) outside the combustion chamber. 
The temperature change -within this wall will reach 
an. equilibrium condition after the stove has been 
placed in operation for a time, after which there wall 
be a cyclic change in the inner portion, while in the 
outer portion there will be a temperature gradient 
whose slope will depend upon the thickness of the wall, 
the heat’ insulation or dir space between the wall and 
the shell and the external conditions of temperature, 
wind and weather. The cyclic changes in the inner 
portion of the wall may be approximated by the use 
of the diffusion curve (Fig. 6, page 32, January issue). 
These curves represent the temperature condition that 
would obtain on the median line of a wall of the thick- 
ness indicated. They also show the temperature per- 
centage that would be reached by one side of a wall 
of one-half the thickness when the other side is ex- 
posed to. heat. 
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Approximate Cyclic Change of Temperature—Outer Wall. 


Distance Per cent Approximate temperature 
from of surface change in deg. 
heated surface, tempera- Above or below average 
mm ture change . Top Bottom 
0 100 70° 30° 
73 65 45° 19° 
150 10 7° 3° 
225 4 3° 1° 


This shows that in the outer half of an 18-inch wall 
there will be a temperature gradient sloping down 
from the average temperature of the brickwork at that 
level to the temperature of the outer face of the brick- 
work. The amount of heat that will pass through the 
wall will depend directly upon this temperature 
gradient. Insulation applied outside of the brickwork 
will decrease the temperature gradient through the 
wall by reason of the fact that the outer surface of the 
brickwork will be maintained at a higher temperature 
than when exposed. In A. E. Maccoun’s experiments 
the average temperature of the shell at the top. of 
checker was 85 deg., at a point halfway down 61 deg., 
and at the bottom of the checker 48 deg. The internal 
temperatures at approximately the same points were 
900, 520 and 230 deg. On this basis the drop through 
the wall would be 815, 460 and 180 deg. ‘Therefore. 
the rate of heat flow at the top was 4.5 times, and at 
the intermediate point 2.56 times that at the bottom. 
The coefhicient of conductivity for heat for firebrick is 
given values from 0.0027 to 0.0054, for the diffusion 
curve in the January issue the value is 0.00367 gramme 
calories per second per centimeter square per 1 deg. 
ditference in temperature per centimeter. The value 
of k for infusorial earth brick 1s given by Wologdine at 
0.00178 in metric units. Hutton gives a value of 
0.00013 for granular kieselguhr. Assuming that 11.5 


cm of infusoral will be used outside of the firebrick,. 


the conductivity of this layer will be: 


0.00178 ~— 11.5 = 0.0001548. 
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The conductivity of the outer half of the firebrick 
wall will be: 

0.00367 ~— 23.0 = 0.0001595. 

This shows that the temperature’ drop or differ- 
ential 1s approximately equal through both materials 
making up the wall. C. E. Skinner in the Smithsonian 
Physical Tables gives a value of k = 0.00036 at 400 
deg. for infusorial earth, which is approximately five 
times the value given by Wologdine. The Celite Prod- 
ucts Company gives the value of k = 0.000241 at 300 
deg. Skinner’s value for 11.5 cm is 0.0000313, and the 
heat differential through the insulation will be five 
times that through the firebrick for the same heat flow. 
Using Wologdine’s values the heat dissipated at the 
cop of the. checkerwork would be approxmately 0.72 
calories per square meter per second, with the value 
given by Skinner it would be 0.24 calories. The fig- 
ures show that it might very well pay to use a thicker 
layer of insulation at the top of the stove. The heat 
loss at points of less temperature differential may be 
approximated in a similar manner and the economical 
amount of insulaton determined. 

The logical method of insulation would be the use 
of a greater thickness of both firebrick and insulating 
niaterial at the top of the stove than at the bottom of 
the checkerwork. In fact, an air space inside of the 
shell at the bottom would be fairly efficient in view. 
of the low temperature differential through the wall 
at that point. The points where it became advisable to. 
increase the thickness of brickwork and insulation may 
be approximated, as well 4s the point where the air 
space is undesirable. 


The area of a circle varies as the square of its 
diameter while its perimeter varies directly, so that 
there is an advantage in increasing the diameter in- 
stead of the height for any volume of checkerwork, less 
outside surface being insulated. 


Blast Furnace Slag Viscosity Tables 


Results of Investigations Measuring Slag Viscosity Over a 

Wide Range of Temperature and Composition Arranged in the | 

Form of Tables for the Use of the Blast Furnace Operator. 
By A. L. FEILD and P. H. ROYSTER. 


The first report on the slag viscosity work of the 
Bureau of Mines was made by one of the authors in 
1916. It was concerned chiefly with the method of 
measurement. A paper on this phase of the work 
was presented to the institute in February, 1917, and 


a similar paper was communicated to the Faraday | 


Society. 
Purpose and’ Scope of the Slag Viscosity Tables. 
Following the development of a suitable meee 


Paper read before New York, enn of A. ba M. E., 


February 18, 1918. 
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the next step, in the investigation was the measure- 
ment of slag viscosity over a wide range of. temper- 
ature and composition, and the arrangement of this 
experimental data in the form of tables for the use 
of the blast furnace operator. It is believed that this 
information, if used intelligently, should help the 
operator to reduce losses in production catised iby 
off-grade pig iron, to improve fuel economy, to pro- 
mote operating efficiency, and to extend present-day 
practice to meet the increasing need of smelting lean 
and complex: ores. 
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In the experimental part of the work it was early 
observed that the temperature-viscosity relations of 
a slag were determined, for practical purposes, by the 
relative proportions of the three major constituents, 
lime (CaO), alumina (AI,O,), and silica (S10,), pro- 
vided the percentage of none of the minor constitu- 
ents, CaS, MgO, MnO, FeO, Ti0,, K,O, and Na.O, 
was abnormally high. Since magnesia, MgO, 1s the 
most important of the minor constituents and 1s apt 
tu vary considerably in different slags, its effect was 
investigated in greater detail. It was concluded that 
the temperature-viscosity relations of slags contain- 
‘ng not more than about 8 per cent MgO were, for 
practical purposes, determined only by the relative 
percentages of CaO, Al,O,, and Si0,,. 

The problem then resulved itself into a measure- 
ment of the viscosities of synthetic slags containing 
lime, alumina, and silica over a range of composi- 
tion corresponding to commercial practice. On the 
concentration-temperature diagram of the system 
CaO-Al,O,-SiO,, as determined by Rankin and 
Wright, the area covered by the tables hes partly in 
the calcium metasilicate and partly in the gehlenite 
stability field. For each even percentage of Al,O, 
from 7 to 24 per cent, two tabulations are given. One 
shows the temperatures at which the slag attains a 
viscosity of 2, 4, 6, 8, 10 and 12, for varying propor- 
tions of CaO and SiO, ; the other shows the viscosities 
of these slags at 1,350, 1,400, 1,450, 1.500, 1,550 and 
1600 deg. C. 

Before using the tables in practice the slag com- 
position as shown by analysis must be calculated to a 


basis of 100 per cent CaO, Al,O, and SiO,. 


Conclusions from Results of Investigation. 

The strictly scientific side of the investigation 1s 
discussed in another Bureau of Mines report. 

The most important conclusion to be drawn, how- 
ever, is that, even when a slag is melted and com- 
pletely converted into a liquid, it is composed of rela- 
tively complex compounds of lime, alumina, and silica, 
instead of a simple mixture or solution of the con- 
stituent oxides. The temperature-viscosity relations 
of a slag are not, therefore, changed continuously and 
in the same general direction by the gradual addition 
of a single constituent. While this discovery will 
ultimately necessitate a revision of our common ideas 
regarding the chemical properties of slags, it does 
not in any way enter into the practical use of the 
tables, where values are referred to the relative 
amounts of lime, alumina, and silica as determined by 
chemical analysis. 


The Function of the Slag and Its Dependence on the 
Temperature-Viscosity Relations. 


The composition of the slag determines the tem- 
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perature of the smelting zone at a given rate of driv- 
ing. It also determines the temperature-viscosity re- 
lations of the slag and thus directly the length of time 
during which the iron is in intimae contact with the 
slag. This intimate contact between iron and slag 
takes place only when the slag is formed and con- 
tinues until the slag becomes fluid enough to permit 
the iron globules to fall out of the slag to the bottom 
of the hearth. Therefore, the length of time of con- 
tact is not determined by the viscosity of the slag 
at any one temperature, but by the rate of change of 
viscosity with temperature. A slag which shows a 
wide range of temperature from the pasty stage, 
which insures initial contact, to the stage at which 
the iron 1s permitted to separate and drop to the bot- 
toin of the hearth, will give a long contact period. A 
slag which changes in viscosity rapidly over a shorter 
range of temperature will permit of a relatively shorter 
time of contact. 

The reactions of desulphurization and of silica 
reduction, *®while occurring simultaneously, are of a 
distinctly different nature. When these reactions be- 
gin to occur appreciably, the sulphur is for the most 
part in the pig iron. The process which takes place 
has more or less the characteristics of a distribution 
of the sulphur between the pig iron and slag. The 
velocity of this distribution is limited by the viscosity 
of the slag, and gradually becomes smaller and smaller 
as the percentage of the sulphur in the iron decreases. 
On the other hand, there is at the beginning no silicon 
present in the pig iron. It is all present as silica in 
the slag. This silica, when in contact with molten 
pig iron and carbon at high temperatures, is reduced 
to metallic silicon and enters the pig iron. This re- 
action never approaches completion and hence is de- 
termined almost entirely by the time of contact and 
the temperature. The actual viscosity of the slag 


_probably affects the extent of reduction only slightly, 


except insofar as the viscosity determines the time 
of contact. In other words, a fluid slag is not neces- 
sary for the process, since diffusion is a minor item. 

Briefly, then, the following general statements 
may be made: 


1. A high temperature favors a high silicon and 
a low sulphur content in pig iron. 


2. <A long period of contact favors both a high 
silicon and a low sulphur content. 


3. A moderately long period of contact, at a mod- 
erate temperature, will produce a pig iron low in 
silicon and with a reasonably low sulphur content. 


4. <A short period of contact, at a high tempera- 
ture, will also produce a pig iron low in silicon and 
with a reasonably low sulphur content. 


5. A long period of contact, at a high tempera- 
ture, will produce a pig iron high in silicon, and low 
in sulphur. 


Conditions (3) and (4) represent those which pre- 
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vail in making basic iron by the two familiar meth- 
ods, respectively, of using either a moderately basic 
slag and a heavy ore-burden or using a very basic 
slag and a light ore-burden. Condition (5) is ful- 
filled in making foundry iron. 

Such statements as the above are not specific. 
They are qualitative, not quantitative. In order to 
derive the maximum benefit from the tables, the oper- 
ator should keep an accurate record each day of the 
slag composition in the case of each furnace, the 
weight of slag produced each day, the silicon and sul- 
phur content of the pig iron, the coke consumption 
per ton of pig, and the pig production; and over 
against this data should be recorded the temperature- 
viscosity relations of the slag as shown in the tables. 
The authors are collecting such data and information. 

However, in the case of such a complex problem 
itis obvious that the focussing of many minds on the 
same subject and from different points of view will 
du much toward elucidating the operating problems 
of the blast furnace in a practical, quantitative manner. 


The Relation Between the Size of the Molten Iron 
Globules and the Percentage by Weight of These 
Globules in the Slag. : 

A sctentific laboratory study of the reactions of 
desulphurization and of silica reduction is not possible 
without some definite knowledge regarding the size 
of the iron’ globules which are in contact with the 
molten slag prior to reaching the iron bath at the 
bottom of the hearth. A calculation of their average 
size can be made in any particular case if the daily 
iron and slag production, the dimensions of the hearth, 
the slag, temperature, and the percentage of iron glob- 
ules in the slag are known by making use of the 
tables. In a particular case, such a calculation showed 
that the average diameter of the iron globules was 
equal to approximately 0.1 inch (0.25 cm). 

It is not entirely impossible that the radius of the 
iron globules may be somewhat of the nature of a 
constant quantity for all furnaces and over a wide 
range of operating conditions. If this be true, the 
loss of metallic iron in the slag should be directly 
proportional to the viscosity of the slag at the hearth 
temperature and to the rate of pig production. 

It is highly desirable to determine the actual per- 
centage of metallic iron in slags of known composi- 
tion in the case of a number of furnaces. 


The Average Slag Composition Used in the United 

States. 

Computation based on slag analyses representing 
44 per cent of the total pig iron production of the 
United States shows that the average slag, so far as 
pig iron tonnage is concerned, is as follows: 
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Per cent 

CAO 2 ee settee oue cord ek ee ade eee 40.17 
Ash sete be Geos Aad tee Danced saeawen th 13.07 
1 Orit eas bs ore aR ed A Ee a ad 35.32 
DLO acca Nadie Ss a Se Srea Bhatt Reeth ty Bl ok Ge ade caren acter 5.51 
Cd eo ec ails Gea a sd esha 8 vont tk buctchtagh @ Aina 3.87 
Other oxides ........0.. 00000. c ccc cece eeee 2.06 

100.00 


Deductions from Data Given in Tables. 


It 1s possible to utilize the viscosity values given 
in the tables in an examination of the validity of the 
common “rules” for slag practice, in application to 
actual or hypothetical furnace conditions, and in nu- 
merous other ways which cannot be entered into fully 
here. 

For example, the data show that if the alumina 
content (13.07 per cent) of the average slag is per- 
mitted to increase up to 22 per cent, the ratio of 
“Bases” to SiO, being maintained constant, the tem- 
perature at which the slag reaches a viscosity of 10 
gradually rises from 1,352 to 1,519 deg. C., and the 
temperature at which it reaches a viscosity of 4 rises 
from 1,456 deg. to a temperature higher than 1,640 
deg. C. This shows in a striking manner that a nor- 
mal high-alumina slag should more readily yield a 
high-silicon foundry iron than the average slag, be- 
cause of the higher temperature induced in the smelt- 
ing zone by the former. On increasing the alumina 
content, under the conditions stated, from 13.07 to 15 
per cent, it 1s probably that any tendency to produce 
high-silicon pig iron must be caused by the rise in 


' the smelting temperature alone, while on increasing 


the alumina content above 15 per cent, both a higher 
smelting temperature and a longer time of contact 
between molten iron and slag will tend to increase the 
silicon in the pig iron. These conclusions are in line 
with the view of J. E. Johnson, Jr., and J. H. Frantz, 
that high alumina might be of benefit in making 
foundry iron. 

In a manner similar to the above, the question of 
the effect of magnesia on slag viscosity (in amounts 
up to 8 per cent) is discussed in the original paper, 
of which this is an abstract; also, the practice of a 
constant ratio of “Bases” to “Acids” is briefly con- 
sidered there. | 


The Effect of Varying the Amount of Lime Charged. 

Suppose we have a furnace using 2,000 pounds of 
coke (910 kg.) per ton of pig, including scrap, the 
composition of the ore mixture, coke, and stone being 
as follows: 


Ore Per Per Per 
mixture cent Coke cent Limestone cent 
SiO ge <aacecd 7:59) ~StOess..0485 497 SiOz: .......... 3.33 
AlzOs ...... 1.96 Al:O; ...... 3.24 <AlLOs ......... 1.28 
CaO ....... 0.44 CAO ud ook 48.19 
Fe 47.00 


Calculation, the details of which are given in Tech- 
nical Paper 187, shows that the slag, produced when 
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800, 900, 1,000 and 1,100 pounds of limestone are 
charged, will exhibit the properties given in Table I. 


TABLE I. 
Temperatures Giving Stated Viscosities. 
Limestone 
charged per ton Difference 

of pig, lbs. Viscosity = 10 Viscosity = 4 dey. 

800 1,404° C. 1,526° C. 130 

900 1,389° C, 1,504° C. 115 

1,000 1,376° C 1,479° C. 103 

1,100 1,478° C 1,612° C. 134 


Table I shows in a clear manner to what a marked 
extent the temperature-viscosity relations will vary 
when different amounts of limestone are used with 
any particular ore mixture and coke. [Either 800 or 
1,100 pounds of limestone would probably produce a 
slag which would be favorable toward the production 
of a smelting zone of high temperature. On the other 
hand, it is obvious that 1,000 pounds of limestone 
would be productive of a maximum fuel economy, 
and would yield a very desirable slag, which would 
be probably very suitable for basic iron. The use of 
1,100 pounds of limestone would place the slag very 
close to the composition where the furnace would tend 
to become “limed-up” or “lime-cold.” In spite of the 
high lime content of this slag, a small drop in temper- 
ature caused by irregularities in charge or wind dis- 
tribution would yield a high-sulphur pig iron. The 
smallest lime charge cited, 800 pounds, might give 
very satisfactory conditions for foundry iron. 


Applying Viscosity Data to Operating Problems. 

An examination of the viscosity tables will disclose 
the fact that the viscosity relations of slags corre- 
sponding to certain compositions are changed to a re- 
inarkable degree by a relatively slight change in its 
composition. Every effort should therefore be made 
by the operator to secure the most representative 
sample of slag possible under the conditions existing 
at the plant, and to assure himself that the slag is 
properly analyzed. A rather extended investigation 
has shown that (1) in average practice even a fairly 
representative sample of slag is seldom secured; and 
that (2) the usual works method of slag analysis, in 
addition to furnishing incomplete records of slag com- 
position, are liable to surprisingly large errors in the 
case of slags moderately high in alumina. 

The slag viscosity tables cannot be correctly used 
unless the percentage of Si0,, Al,O,, CaO, and sul- 
phur are determined as such separately. It is sug- 
gested that the sodium carbonate fusion method be 
used in all cases where the alumina is present in 
amounts above 12 per cent. Analyses are given show- 
ing that the hydrochloric acid digestion method, when 
used on a slag containing about 23 per cent. alumina, 
gave figures for alumina that were from 6 to 10 per 
cent too low, i. e., varving between 14 and 17 per 
cent approximately. . 

The sample for analysis should be taken from a 
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composite sample made up of several slag samples 
taken from cach flush and from the slag at cast. A 
tentative method of sampling the slag is described. 
l‘requent sampling is necessary because of the wide 
Variation in the composition of the slag from flush to 
Hush and even during the same flush. Analyses are 
viven showing this variation in composition in the 
case of a furnace on basic iron and a furnace on 
foundry iron, 


Slag Viscosity Tables. 

[un order to illustrate the general form or the 
tabulated data, there are given below the data for 
ALO. = 14. Vechnical Paper 187 contains similar 
data for every even percentage of alumina from 7 to 
2-+ inclusive. 

It sometimes happens that a slag will contain, for 
a given alumina content, a larger percentage of lime 
(or lower percentage of silica) than is included in the 
tables. This, however, is seldom the case, and is a 
strong indication that the slag is too high in hme 
for satisfactory furnace operation. In such a case, 
the slag composition on the ternary diagram lies in 
the field of calcium orthosilicate, to which it did not 
seem advisable to extend the investigation. 

A careful study of the authors’ discussion as given 
in the original paper should make it possible for any 
operator to enlarge upon the topics treated in whatever 
manner may be best suited to the particular conditions 


which he encounters. 


From Table VIII—(Bureau of Mines Technical Paper 187). 
ALOs = 14 (Calculated so that CaO + ALO; + SiO: = 100%) 
Viscosity. 

SiO, CaO 2 4 6 8 10 12 
dey. C. deg. C. deg. C. deg. C. deg. C. deg. C. 
48 38 G40 15290 «1,470 1,437 1,413 1,396 
47 309 1640 1,519) 1,4€0 «1,427, -1,403 ~—:1,387 


4 40 1.640 1,511 1450 1,417. 1,304 1,379 
45 $41 1.638 1,502 1,440 1,408 1,385 = 1,369 
44 21,627) 1,492. 1,431 1,397,375 1,358 
43-43 1,618 31480 «1.419 1,386,362 1,347 
42 44 1,604 1466 1,465 1373 1,352 1,338 
4] 451,58 1,454 1,395. 1,363) 1,343 ~——-1,330 
40 8-46 ,554 1,440 1,396,375 1,360 ——:11,352 
39° 47) 1.63851 498 1,438 = 1,406 -1,386 1,374 
384814010618 1,535) 1,486,455 —-:1,432 
37- 49) 1&0 O1,640—s«d1,640)—s—s«d16407Ss«*1,640_~SCs«i1,616 


From Table IX—(Bureau of Mines Technical Paper 187). 
ALO: = 14 (Calculated so that CaO 4+ Al:O; + SiO; = 100% ) 
Viscosity. 
Si, CaQ 1,350 1400 1,450 1,500 1,550 1,600 
deg. deg. deg. deg. deg. deg. 
48 38 21.5 11.3 7.1 48 3.5 2.7 
47 39 19,2 10.2 6.5 4.5 3.4 2.6 . 
46 40 17.6 O4 6.0 4.3 3.2 2.5 
45 4] 15.2 8.6 5.6 40 3.1 2.4 
44 42 13.4 7.8 5.2 3.8 29 2.3 
43 423 11.6 7 4.8 3.6 2.8 2.2 
42 44 10.3 6.4 4.4 3.3 2.6 2.0 
4] 45 Y2 5 4 
40 do. 3 5.9 3. 
— 29 47. 13.6 8.8 5.: 
38 4X - 40.2 16.7 10. 
37 49- 200.0 3.0 38. 
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Two Batteries Each Containing Sixty Ovens, Erected by H. 


Koppers Company, 


for the Colorado Fuel & Iron Co,, 


Will Have Coke Production at Forty-six Thousand Tons. 


By H. B. CARPENTER, 
Superintendent By-Product Coke Department of the C. F. & I. Co. 


The by-product coke plant of the Colorado Fuel & 
Iron Company now being constructed by the H. Kop- 
pers Company, of Pittsburgh, is now rapidly near- 
ing completion. This plant has the distinction of 
being the first of its kind in the West and the only 
one west of the Mississippi, with the exception of 
the plant of the LaClede Gas Company, at St. Louis. 

The two batteries, each containing 60 ovens, are 
designed for 16-hour coke and will have a carbonizing 
capacity of nearly 70,000 tons of coal per month and 
a corresponding coke production of 46,000 tons. Pro- 
vision has been made for the construction of two ad- 
ditional batteries, if found necessary in the future. 

Each oven, the top of which is provided with four 
charging holes, is 40 feet long, 10 feet high and 19 
inches wide. The capacity of an oven is 12% tons of 
coal, producing 8% tons of coke per charge. The 
ovens are separated from each other by flues in which 
the fuel gas is burned to produce the necessary coking 
temperature. Directly under each oven, regenerators 
are located where air for the combustion is preheated 
and the heat from the outgoing flue gases is deposited. 
The combustion takes place in the vertical flues of 
one-half the length of the oven at one period with the 
waste gases passing out of these vertical flues and 
traveling across the horizontal flues at the top of the 
vertical flues. They then pass downward through the 
vertical flues of the other half of the oven to the re- 
generator. In passing through this regenerator the 

gases are cooled by depositing their heat at the brick 
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checkerwork. The gases then pass into the waste gas 
flue to the stack. Each battery is connected by this 
flue to a steel stack 210 feet high and 10 feet in diam- 
eter. These stacks are lined with brick and are located 
outside the quenching track and the oven coal bin, 
and furnish the draft for drawing in the air necessary 
for burning the fuel gas and for removing the products 
of combustion. 

The fuel gas necessary for the ovens is provided by 
two 16-inch mains, one on each side of the battery. 
The volume of the gas used is measured by a 16-inch 
self-recording Venturi meter. The gas _ reversing 
machines and valves, by means of which the combus- 
tion is changed from one side of the battery to the 
other (this reversal occurring every half hour), are 
located at the end of the batteries under the oven 
coal storage bin. These machines are motor-operated 
and controlled by automatic time devices. Here also 
is located the grinding pan for mixing the loam used 
for luting the oven doors and making them gas-tight. 


The Coal. 


One of the most important features of by-product 
oven operation is in the coal. A large quantity of the 
first class coking coal mined by the company in the 
Trinidad district will be used at the Minnequa by- 
product plant. The coal will be received at the plant 
in cars and unloaded by gravity into hoppers. It is 
then conveyed to the screening and crushing building 
by a 36-inch belt conveyor and prepared for washing. 
The coal is now elevated by a 36-inch belt conveyor 
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to four mixing bins of 250 tons capacity each. Coals 
from the various mines in the Trinidad district will be 
used, varying the percentage of coals with different 
coking properties to produce the most desirable coke. 

The coal mixture is now conveyed to the coal- 
washing building by a 36-inch belt conveyor and de- 
livered to the jig feed bin by an automatic tripper. 
The coal is discharged from this bin by feeders to 
four steel jigs, each having a capacity of 50 tons of 
coal per hour. The washed coal is delivered to the 
drainage conveyor from the jigs. This conveyor sup- 
plies the coal to three centrifugal driers which are 
operated continuously and have a capacity of 50 tons 
per hour each. 

From the driers the washed coal is discharged to 
a conveyor and delivered to a concrete coal storage 
bin of 1,200 tons capacity. From this bin the coal is 
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Station for quenching hot coke. 


again conveyed to an 1,800-ton steel oven storage 
bin, which is divided into four units, and having four 
lever-operated doors to each unit. From this bin the 
ovens are supplied by two electrically-driven charg- 
ing cars. 


Distillation of the Coal. 


It may be of interest to briefly compare the process 
of distillation of the coal in the beehive oven with that 
in the by-product oven. 

In the distillation of coal in the beehive oven no 
gas is recovered, and the only application of the gas 
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is its combustion over the coal in order to supply the 
heat and maintain the required temperature for the 
coking process. 

With the by-product process the coal is distilled by 
application oi heat transmitted through the oven walls 
from the combustion of the gas in the flues. The 
ovens are sealed in order to prevent air from entering 
and gas from leaking out to the atmosphere. The 
gases evolved from the coal are conducted from the 
ovens and recovered; these gases carrying the valu- 
able by-products that go up in the form of smoke 
from the beehive ovens. 

Immediately after the coal is charged into the 
ovens coking begins, the coal fusing and forming a 
thick, tarry mass on the face of the charge next to 
the walls, this zone of fusion continuing toward the 
center of the charge from both sides until the center 
is reached. By this time the temperature of the entire 
mass has risen to the temperature of the walls, and 
the oven is down and ready for pushing. 

The oven doors are extracted by means of the 
door machines, and the pusher machine pushes the 
charge of hot coke directly from the oven into the coke 
transfer car. This quenching car, as it 1s sometimes 
called, is removed to the quenching station con- 
structed of brick and located at the south end of the 
plant, and the hot coke is quenched as quickly as 
possible with a large spfay of water. The amount of 
water retained by the coke after quenching is very 
important, and should not exceed 2% per cent. 

From the quenching station the coke is transferred 
to the coke wharf, which is 168 feet long, and is built 
up of cast iron plates and so inclined that the coke 
will slide on it. At the bottom of this wharf, gates 
control the discharge of the coke to the rotary feeder, 
which in turn delivers it to a 42-inch conveying belt. 
This belt carries the coke to the coke-screening station 
where the breeze and dust are separated from the 
furnace coke. The coke which passes over the screen 
is discharged into cars and shipped to the blast fur- 
naces. The breeze and dust which pass through the 
screen will be used at the soaking pits and for fuel 
under boilers equipped with Cox stokers. 

From the charging car the coal is dropped into the 
ovens. Distillation starts immediately, the gases re- 
sulting from the distillation being conducted from the 
ovens through the ascension pipes to the collection 
main located on the top and pusher-side of the battery. 
Two take-off mains lead from each battery of ovens 
and are connected to a common suction main which is 
parallel to the pusher-side of the batteries, the gas 
flowing through these mains under negative pressure 
to the primary coolers. 

These coolers, located outside the by-product ap- 
paratus room, contain over 1,800 tubes, 3 inches in 
diameter; these tubes, if connected together, would 
extend nearly eight miles. Water is circulated through 
these tubes and the gas flows around them in a direc- 
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tion Opposite or counter-current to that of the water. 
In these coolers water vapor, tar and naphthalene are 
condensed from the gas. The condensation of the 
water vapor carries some ammonia with it, forming a 
weak ammonia liquor. The warm water from these 
coolers is drained into a pit from which it is pumped 
over a cooling tower of the natural draft type, after 
which the water is again recirculated through the 
coolers. 


The gas is then drawn into the exhausters, and by 
a change of pressure is forced through the tar extract- 
ors, where the last traces of tar are removed. From 
the tar extractors the gas enters the reheaters, where 
its temperature is brought up again by the use of the 
exhaust steam from the exhauster engines. It then 
enters the lead-lined saturators which contain a solu- 
tion of sulphuric acid, and in which the ammonia is 
precipitated in the form of ammonium sulphate. The 
acid is fed into these saturators by gravity from two 
acid storage tanks which have a capacity of 250,000 
pounds of acid. All the ammonia remaining in the 
gas after it has passed the coolers is removed in this 
apparatus. The gas now leaves the by-product build- 
ing and passes through the final coolers, where its 
temperature is lowered to a point at which the absorp- 
tion of benzol is most complete, and then enters the 
benzol washers where it is stripped of all the benzol 
homologues by scrubbing it with straw oil, a petroleum 
distillate. After this the gas enters the gas holder and 
is ready to be used as fuel at the ovens, the surplus 
being sent to the steel mills. From the gas holder, 
which has a capacity of 30,000 cubic feet, the pressure 
is increased by two motor-driven gas boosters. These 
compressors distribute nearly 600,000 cubic feet per 
hour of coke-oven gas at a pressure of five pounds per 
square inch to the open hearth, heating furnaces and 
soaking pits. 


Ammonium Sulphate. 

The ammonium sulphate which is precipitated in 
the saturators is ejected to the draining tables, the 
mother liquor drained from it, and the salt then passed 
into the driers, where the balance of the mother liquor 
is driven off by centrifugal force. After being dried 
the salt is dropped into carts and wheeled into the large 
sulphate storage room which has a capacity for three 
months’ production. A five-ton overhead crane is pro- 
vided in this room to. facilitate the handling of this 
sulphate. 


The ammonia liquor condensed in the primary cool- 
ers and gas mains, together with tar from the coolers 
and mains and tar extractors, is drained into the hot 
drain tank. From here it is pumped to the separating 
tank where a separation is made of the tar and liquor 
according to the specific gravities of these two liquids, 
the tar being pumped to the tar storage tank and the 
liquor to the ammonia liquor storage tank. The tar 
is now ready for shipment and is loaded directly from 
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the storage tank into tank cars. The ammonia liquor 
is pumped from the tank to the ammonia stills. These 
stills are made of cast iron sections and are heated by 
steam. Lime water is also added to these stills to 
liberate the fixed ammonia in the liquor, this lime 
being prepared in a mechanical mixer and pumped to 
the stills by two centrifugal pumps. The ammonia 
vapor resulting from this distillation is piped into the 
gas mains at the reheaters and the ammonia 1s finally 
absorbed in the saturators. 

The tar and liquor pumps are located in the same 
room as the gas boosters. There are four triple-cylin- 
der pumps for tar flushing and tar loading. Three of 


Gas boosters for sending surplus gas to steel mills. 


these pumps circulate tar from the hot drain through 
the gas main from the ovens to the primary coolers. 
Three triple cylinder pumps transfer the ammonia 
liquor from the storage tank to the stills. All the 
pumps are belt-driven from two line shafts which are 
operated by a motor with a horizontal steam engine 
to act as a spare. 


Benzol Recovery. 

The gas, after leaving the by-product apparatus en 
ters the final coolers and is reduced to the temperature 
necessary for benzol extraction. From the coolers it 
enters the benzol washers, where it is washed with an 
absorbent oil to remove the benzol. These washers 
are built of steel plate and are 90 feet in height. The 
wash oil, after taking up a small percentage of the 
benzols, has become benzolized and is pumped to the 
benzol building for the recovery of the benzol. The 
benzolized oil is preheated by heat exchangers utiliz- 
ing the heat from the vapor from the still and the 
sensible heat from the debenzolized oil leaving the 
still. From the heat exchangers the oil enters the 
superheaters where its temperature is still further 
raised, and then into the still, where the benzol is 
driven off. These stills are composed of 16 cast iron 
sections 6 feet in diameter, and 11 cast iron sections 

(Continued on page 140.) 
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Elements of Roll Pass Design 


Rolling of Angles and Similar Sections — Location at 
Bar in Rolls With Respect to the Pitch Line — Sufficient 
Side Work on the Edges in Last Passes — Number of Passes. 


By W. TRINKS. 


Angles form an intermediate stage between flats, on 
one side, and more complex or intricate sections on 
the other side. An angle is a kinked or bent flat. In 
many respects the rolling of an angle involves the same 
principles as the rolling of a sheet bar. In other re- 
spects it introduces additional principles which must 
also be observed in the rolling of channels, I-beams and 
rails. 

Fig. 1 shows the consecutive passes of one method 
of rolling angles with equal legs. It is evident that 
the deformation is very similar to that of a sheet bar 
or other flat if we abstract from the gradual bending 
action. Especially we notice that angles are too thin 
to be successfully edged (turned 90 deg.) for the pur- 
pose of compressing the outer fibers. Just as with 
sheet bars, an exception can be made during the early 
stages only, when the bar is still sufficiently thick to 
offer resistance to the rolls. Figs. 2 and 3 show two 
edging passes. Fig. 2 is taken from European prac- 


Fig. 2—Edging pass for 
an angle blank. 


Fig. 1—Roll passes for an an- 
gle with equal legs. 


tice, while Fig. 3 is taken from American practice. 
In Fig. 2 the object is not only to compress the outer 
fibers, but also to reduce the width of the blank for 
the purpose of making a small angle out of a big 
bloom. Fig. 3 shows more compression than Fig. 2; 
the greater amount of compression is due to the wedge- 
shaped grip of the roll. 


These two passes represent the limit at which edg- 
ing 1s either possible or beneficial; or both. If it is 
attempted to edge a thinner bent bar the latter buckles 
or collapses so easily that the rolls fail to grip, unless 
the roll diameter is very large compared to the vertical 
dimension of the entering bar. Occasionally the safe 
limit is exceeded, and then the rollers have to throw 
sand on the bar all the way, in order to roll it through. 
It goes without saying that such a case constitutes 
bad practice, for although rolling is possible in this 
case the edging can hardly be called beneficial. For 
the principal purpose of edging is the compressing of 
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the extreme fibers; but compression cannot possibly 
be effected, unless there is resistance or an abutment. 
For these reasons most angles are rolled without 
edging. To protect the edges against tearing, we 
must not allow them to spread freely, but must cause 
them to bear hard against sidewalls or collars. This 
means that angles must, for the present, be rolled in 
closed passes. If at any time the demand for a given 
size of angle should become so great that it would 
pay to roll it on a continuous mill, then and in that 
case open grooves could be used, provided that one 
or two universal stands, as indicated in Fig. 4, be 
placed in the train. However, there is small likel1- 
hood of the demand for angles growing to such an 
extent that continuous rolling becomes profitable. 


Fig. 4— Method of compressing 
edges of angles in continuous 
rolling. 


Fig. 3—Edging pass for 
an angle blank. 


From previous articles in this series, it follows that 
the tendency of the bar to spread laterally depends 
upon the draft and upon the shape of the projected 
contact area. The result is that the amount of lateral 
spreading, which must be allowed for obtaining just 
the right side pressure (at points A, Fig. 1), will 
vary from pass to pass with the draft and with the 
shape of the projected contact area. A detail investi- 
gation of this part of the problem of rolling angles 
will appear in the next installment, because it would 
make the present installment too long, and because 
other, more general, features need discussion before 
the detail design is attempted. 

One of these features is the location of the bar in 
the rolls with regard to the pitch line. Since this ques- 
tion arises with all sections which are unsymmetrical 
with regard to the pitch line, it deserves a thorough 
discussion. 

In Fig. 5 let AB be the pitch line, that is to say, 
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the line in which the cylinders of equal diameter touch. 
The section lined figure is the pass, that is to say, the 
opening left between the rolls. The linear velocity 
uf any point of the roll surface is directly proportional 


bottom roll 


Fig. 5—Diagram, illustrating effect of varying roll diameters 
on a bar. 
tu the distance of that point from the axis of the roll. 
It these velocities be plotted horizontally to the left 
from a vertical base line FG, the straight lines IEFH 
and L.DK are obtained. In the diagram which is thus 
tormed, CD represents the linear velocity of point M 
ot the bottom roll, whereas CE represents the velocity 
ot point N of the top roll. It then follows that, on 
account of this difference of speeds, the part of the 
section which is marked (1) tends to curl downwards, 
whereas the parts marked (2) and (3) tend to curl 
upward. [The longer periphery of the larger roll de- 
livers the steel faster than the shorter periphery of the 
smaller roll. Hence the side of the bar in contact with 
the large roll becomes longer than the side which is in 
contact with the small roll. The result, as before 
stated, is that the rolls curl the steel toward the smaller 


Fig. 6—Rolls with deep-cut groove out of 
arnt for purpose of equalizing strength 
of rolls. 


roll. This action is frequently made use of to keep the 
steel down on the tables. To that end the top roll is 
made slightly larger than the bottom roll.] If the bar 
is cold enough, the parts connecting (1) with (2) and 
(3) resist the curving action so that the bar comes out 
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of the rolls straight, provided that the upward bending 
tendency equals the downward bending tendency. 
But the latter equality exists, if the “center of trac- 
tion” or “center of grip” lies in the pitch line. This 
explanation, however, does not explain, unless “center 
of grip” is more clearly defined. 

To that end, assume for the present that in Fig. 5 
all parts of the periphery of the bar are subjected to 
a uniform pressure by the rolls; then the excess and 
deficiency of speed compared to that at the pitch line 
will be neutralized, if the mass-center of the periphery 
(of the line, which may be represented by a bent wire, 
and not of the area) lies on the pitch line. The as- 
sumption of uniform pressure is very nearly correct, 
if all parts of the section undergo the same reduction, 
and if the change of shape 1s not so sudden as to pro- 
duce bending of a thick section. (In this latter case 
the bar is not gripped top and bottom at the same time. 
The stiffness of the bar transmits the force from the 
roll which touches first to a point further forward on 
the other roll. .\ more detailed investigation 1s neces- 

@) 


Fig. 7—Finishing pass Fig. 8—Pass preced- Fig. 9—-Method 


for equilateral an- ing finishing pass. of producing 
gles. sound edges 
in angles. 


sary in such a case.) On the vertical walls P and Q 
the pressure may not equal that exerted on the rest of 
the periphery. If the pressure is not uniform, then 
the static moment of all pressures about the pitch line 
must be zero in order to produce,a straight bar. The 
center of grip may, therefore be defined as that axis 
about which the static moment of the pressures on all 
elements vanishes. 

If the thickness of the bar is constant in all parts, 
then the mass-center of the periphery coincides with 
the mass-center of the area of the section. And since 
the thickness of most sections is fairly uniform, it 1s, 
as a rule, sufficiently correct for practical work to 
place the mass-center of the section on the pitch line. 
The rule to place the bar in this manner is frequently 
found in handbooks, but it should be remembered that 
it is truly correct only if the bar has uniform thick- 
ness and uniform reduction. From the foregoing ex- 
planations it will not be difficult to place the bar with 
even greater correctness than that which is indicated 
by the rule of putting the mass-center of the area on 
the pitch line. But even if the bar is not placed just 
right, no great harm is done, because the stripper 
guards (which are wedge-shaped pieces entering be- 
tween bar and roll on the delivery side) will keep the 
bar straight. 

In some passes the center of grip is purposely 
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placed outside the pitch line. Fig. 6 shows how the 
first mass in a roughing roll for angles is sunk deeply 
into the bottom roll for the purpose of equalizing the 
strength of the two rolls. 


The second general problem which needs discus- 
sion is that of doing sufficient side work on the edges 
in the last passes. ‘he finishing pass 1s, as a rule, an 
open pass, because an adjustment of thickness can be 
made in such a pass (see Fig. 7) by moving the roll 
centers closer together or farther apart. For the pur- 
pose of securing soundness at B, Fig. 7, the preceding 
pass 1s occassionally formed as shown in Fig. 8. This 
arrangement, however, places more deformation work 


on the finishing pass than is good for its length of | 


life. For that reason the split is usually placed as 
shown in Fig. 9. In this case the split is placed in 
pass No. 2), (calling the finishing pass No. 1), at the 
point where the opening occurs in pass No. 1. The 
deformation from 2 into 1 1s comparatively small, so 
that the edge will not be injured, if it received a good 
squeeze in the pass preceding 2. That pass, which 
will here be called No. 3, is also shown in Fig. 9, and 
it is evident that the particles which will later form 
the edge of the angle are thoroughly compressed in 
that pass. 


A third general feature worthy of mention is the 
number of passes. An investigation of successful de- 
signs show that the number of passes varies greatly 


with the size of the angle. Jor instance, it 1s found 


March, 1918 


that very small angles, say %4-inch length of side, are 
finished in three passes, whereas large angles, say of 
6-inch length of leg, are finished in eight or nine 
passes. In either case, the size of the blank is com- 
mensurate with the size of the finished angle. 

The principal reasons for the great difference in the 
number of passes are the following: First, the ratio 
of metal thickness of length of leg 1s much lower in 
the large angle than it is in the small angle, so that 
the large angle undergoes a relatively greater amount 
of deformation. However, this reason does not ac- 
count for all of the difference in the number of passes. 
The second reason lies in the rate of cooling. A small, 
thin section cools so much faster than a larger section 
that it must be finished in a hurry. This means that 
heavy reductions must be taken in each pass. But 
the latter require a relatively large roll diameter. For 
small angles, this condition can easily be met. Thus, 
l-inch angles are finished on 8-inch diameter mills. 
\With larger angles, the same ratio of finished product 
to roll diameter is impracticable; for a 6-inch angle, 
for instance, it would mean a 48-inch mill. In reality, 
6-inch angles are rolled on 18-inch mills. It is evident 
that the deformation in this latter case must be rela- 
tively smaller per pass than it is in the case of the 
sinaller angle; but this is perfectly feasible, because 
the larger section does not cool as rapidly as the 
smaller one. 

Angles of unequal length of legs require additional 
study and will be taken up later on. 


Steel Mill Lighting and War Economy 


Essential Points and Reasons for Each Step in the Solution of 

the Typical Mill Lighting Problem Show That Quality and 

Quantity of Production May Be Increased by Better Lighting. 
By LIEUT. SAMUEL G. HIBBIN. 


There is no doubt that the majority of steel mills, 
shops and fabricating plants have greatly increased the 
number of hours of work under artificial illumination 
since the war has increased the demand for their out- 
put. In fact, many mills are now forced to operate a 
full night turn that previously did not need artificial 
light for any period except a short time at dusk, say 
up until 5:30 o'clock, or during about one hour of the 
early morning. In such mills and shops the invest- 
ment in a modern and adequate lhghting system, which 
before the war was used for only very brief portions 
of the working time, had too often been considered 
an unprofitable or extravagant investment. Now the 
conditions have changed, and in many instances the 
only reason why the idluminating system is not ¢n- 
tirely remodeled or enlarged is because time, labor 


and materials are at a premium. No one can give 
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sufficient time or thought to the matter. Yet if good 
hehting was ever important it certainly is doubly so 
now. Proper illumination is just as much a war econ- 
omy as conservation of fats or sugar, for good lighting 
increases production while the other measure is mere- 
Iv a species of hoarding. And following the custom 
ot ‘““wheatless” days in the home, why not “accident- 
less” nights in the mill? 

Gencralities of good lighting practice are not ot 
much use to the busy mill superintendent, because he 
wants to secure quick, definite action, and see results 
immediately. Any specific suggestions, therefore, are 
probably more helpful, and at the risk of repetition 
of some well-known lighting facts, we may follow 
through a typical mill lighting problem to note several 
of the essential points and the reasons for each step 
in the solution. 

It is customary to find most steel mills arranged 
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ila manner similar to the plan and elevation of Fig. 1. 
If the dimensions vary materially from this figure, 
the arrangement of lighting outlets may change, but 
the wattage per unit area will not be radically differ- 
ent. Of course, it 1s expected that careful judgment 
will be used according to the class of work that is 
illuminated. The Mazda or tungsten filament lamp is 
the only illuminant being considered in this discussion. 

When the illuminating engineer undertakes the 
problem of illuminating a large office, for example, he 


Fig. 1—Typical lighting plan of a steel mill. 


begins with a selection of the watts per square foot of 
floor space, and then chooses the size of lamp and the 
spacing of outlets to secure this amount of wattage. 
But when the problem is to illuminate a steel mill, one 
frequently must decide where the lighting units can 
be placed, and having found points of support and 
positions easy of access, then select such sizes of lamps 
and types of reflectors as will efficiently illuminate the 
working plane. And the usual interpretation of “ef- 
hciency” in this case is (1) fewest number of units so 
that wiring is simplified; (2) largest wattage of lamps 
to increase the quantity of light produced from each 
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watt of electrical energy consumed, and to reduce fra- 
gility of lamp filaments; (3) reflectors that redirect 
light to the most used places; (4) reflectors and lamps 
placed where they can be reached most easily; (5) 
units that require least attention; (6) smallest variety 
in lamp and reflector sizes, to simplify stock keeping. 

Therefore, in Fig. 1 and similar cases, we, if pos- 
sible, will place the lighting outlets on the bottom 
members of the roof trusses. Two cases arise in mill 
lighting that prevent this location of outlets. The first 
is the one where there is not sufficient clearance be- 
tween a crane and the lighting unit, as might happen 
in a low center aisle; the second is where the rool 
truss or the crane is so high above the floor that light- 
ing units placed on it would spread the light thinly 
over too large an area. For these cases a good alter- 
native is the side or angle (asymetrical) reflector, rep- 
resented at A, Fig. 1, concerning which more will be 
said later. 

Fig. 2 illustrates the case of a very high crane, 
necessitating lighting fixtures being hung at least 50 
feet above the floor. In this case two schemes of 
locating the lighting units are employed; (1) by plac- 
ing focusing reflectors on the roof trusses to illuminate 
general processes, such as turret machine and gun 
mounting; (2) by having individual extension lights 
at the drills and lathes. The general illumination over 
the floor of the center aisle is about 1.5 foot candles, 
furnished by a little less than .75 watts per square 
foot of floor. 3 


The question of local lighting is a large problem in 
itself, but fewer solutions are more simple and satis- 
factory than to bring up lighting circuits from below 
in conduit, as illustrated in Fig. 3, and to have 24 to 30 
inches of flexible armored conduit fastened to the 
upper end of this rigid conduit. Then the key socket 
and metal reflector (with 25 watt Mazda lamp if on 
110-volt circuit, or 50 watt carbon if on 220-volt cir- 
cuit), which is attached to the flexible conduit, may 
be swung where desired and holds itself where placed. 


Suppose, however, that in the present problem we 
can locate the lamps on the trusses at the points shown 
by Fig. 1. We decide to utilize each truss, spaced 20 
feet apart, because a longitudinal spacing of 40 feet, 
were we to use alternate trusses only, would tend to 
produce too many shadows and too uneven illumina- 
tion of the floor, and furthermore. we would find that 
there would be approximately 1,600 square feet of 
floor area to illuminate from each light—much too 
large an area for the standard size Mazda lamps unless 
a very weak general illumination is all that is wanted. 
By using lamps placed as shown, it may be seen that 
in the side aisle that is 40 feet wide, there will be an 
average of 800 square feet of floor space per lighting 
outlet, and in the other sections of the mill the floor 
area per outlet is as low as 640 square feet. 

Considering the 40-foot width of aisle, we would 
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expect fair illumination to be secured by using 500- 
watt lamps, giving slightly over .6 watts per square 
foot, and with this figure as a preliminary basis for 
rough calculations, it would probably be satisfactory 
to use the 400-watt lamps in the bays on the opposite 
side of the mill, where the width of each bay is 32 feet. 
Here the watts per square foot would be .62. 

Now the choice of size of lamps to be used above 
the crane, through the center aisle, lies between the 
500 and the 750-watt lamp, and the selection must be 
determined according to the class of work to be illumi- 
nated. Unless this work consisted of fine machining, 


or involved painting, detailed assembling, or microm- 
eter measurements it would be satisfactory to use the 
500-watt lamps here. It is always well to remember 
that usually the work involving close application and 
requiring best lighting is done in the side aisles, and 
that such processes as rolling, shearing and drilling 
are carried on in the center bays, where broadcast gen- 
eral illumination of moderate amount is all that is 
necessary. In this typical case, by a moderate amount 
of illumination we would mean about 1.5 or 2.0-foot 
candles upon the work, which we could expect from 
the use of a 500-watt Mazda C lamp equipped with an 
intensive type of reflector. Dut to the lower hanging 
height the values of illumination in the side bays 
would average at least 3.0-foot candles—possibly 10 
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per cent better if the cleaning were very carefully 
attended to. 

Any particular spot or machine in the central por- 
tion of this mill can be more economically illuminated 
by using an angle reflector (such as marked at A, 
Fig. 1), hung below the craneway, than by increasing 
the overhead wattage throughout. It is good practice 
to hang such angle reflectors never lower than 15 feet 
above the floor. The objection to their use for the 
entire illumination of the central aisle lies in the fact 
that the men may be troubled by direct light in their 
eyes, and that such exposed lamps if arranged on all 
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Fig. 2—A high aisle where the machinery and assembly of heavy armament requires general broadcast illumination. 


sides give a glare regardless of whatever direction the 
workman may be looking. 

Considering the overhead reflectors, there are dis- 
tinct and different types that must be chosen for each 
location. The elevation plan of Fig. 1 will roughly 
illustrate this. 

All reflectors are tested by the makers and their 
characteristics given by the “polar distribution curve.”’ 
In such a general discussion as this one it ts not neces- 
sary to go into the technical details of polar curves 
any more than to note how to use them in selecting 
the proper reflector for each location. For instance, in 
illuminating to the extreme sides of the 40-foot bays 
of Fig. 1, it is necessary to have the light directed 
downward throughout an angle or spread that is ap- 
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proximately 90 deg. Therefore, an “extensive” type 
of reflection is best illustrated in Fig. 1 by the sketch 


drawn just above the reflector’s location on the plan. 


The same extensive type of reflector could not be 
economically used in the center bays, but as will be 
seen, we want here a reflector that sends its light 
downward within an angle of not over 60 deg., or one 
which has an “intensive” distribution. The intensive 
type of reflector, 1f used in the 40-foot bays, would 
provide spots of light on the floor directly beneath and 
darken sidewalls. The extensive reflector, if placed 
above the crane, would waste light high up on the 
sidewalls and result in low values of illumination on 
the floor. Where the units are placed extremely high, 
say over 50 feet as above the crane of Fig. 2, we 
would use the focusing reflectors. 

Ordinary requirements of steel mill lighting call 
for the metal reflectors, preferably of the porcelain 
enameled steel, and it is never an extravagance to use 
the best reflector procurable. If there is a difference 
in efficiency between the good and the mediocre re- 
flector of 25 per cent (which is easily possible with 
commercial units now on the market), this may repre- 
sent the need, with a poor reflector, of a lamp of 25 
per cent greater wattage to give equal illumination. 
Continued lamp renewals and greater power consump- 
tion, therefore, very soon overbalance the first-cost 
saving made by the cheap reflector. One or $2 per 
unit may be saved in the first-cost of a mediocre re- 
flector, but where the good reflector with, say, a 400- 
watt lamp is sufficient, it will soon be found necessary 
to use a 500-watt lamp in the poor reflector, meaning 
at least 50 cents more per lamp at each renewal (prob- 
ably renewing lamps every six months). This cost, 
plus the extra wattage figured at 2 cents per kw hour, 
would total in a year’s time approximately $5. 

The Mazda C (gas-filled) lamp is proving entirely 
satisfactory for all requirements of steel mill lighting 
except for wattages below 200, on 220-250-volt service. 
The Mazda B (the vacuum) lamps in wattages below 
75 are satisfactory for practically all steel mill light- 
ing in the 105-125-volt range, and it is only on ex- 
tensions or portable cords and in vibrating locations 
that these lamps in the 220-volt range are liable to 
prove too fragile. 

It is well to note, when considering a new installa- 
tion of lighting, that the lamp renewal cost of the 
220-volt unit exceeds the lamping cost of the 110-volt 
units by about 20 per cent. Also the operating efh- 
ciency of the higher voltage lamps is roughly 10 per 
cent less than of the lower voltage lamps. Hence, it is 
economical to operate the lighting circuits on the lower 
voltage whenever possible; in fact, in a large installa- 
tion it is frequently cheaper in the end to install a 
separate motor-generator set, or other source of low- 
voltage power supply, rather than to tap off of the 
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220-volt direct-current service for lighting. 


Variation of voltage, where intermittent-service 
motors are operated on the same lines as the lamps, 
will always reduce the length of the Mazda lamps and 
in quite usual cases the lamp life by this cause has 
been shortened 30 per cent. Over voltage is naturally 
most destructive, and because the time of its duration 
is usually very brief it is difficult to detect, and leaves 
no evidence except an apparent faulty lamp. Cases 
are not infrequent where the lighting power is supplied 
to a mill building from an outside generator and where 
several other large loads are on the same service lines. 
At such times as when closing down in the evening, 
when large loads are suddenly turned off, or on holi- 
days, the voltage at the lamps may actually be 10 or 
even 20 per cent greater than at normal full-load times. 
Even though only momentary, this excess voltage will 
play havoc with all Mazda lamps. Lamp manufac- 
turers are glad to furnish recording voltmeters to 
check up and detect such occurrences. It 1s reason- 
able to expect at least 1,000 hours of total burning 
time from the Mazda lamps in steel mill service, and 
usually longer life from the large wattage units. 

It has been found that mounting the large lamps 
(for instance, 100 to 1,000-watt sizes) directly on roof 
trusses or on columns, supported either by conduit or 
receptacles bolted to the steel work, will be satisfac- 
tory as regards vibration. In the early days of tungs- 
ten lamp development it was good practice to have a 
spring or flexible coupling between the lamp and sup- 
port. Now, however, the lamps are sufficiently rugged 
to withstand, without mechanical breakage of filament, 
any ordinary vibration of building framework. 

One very common fault in mill lighting is to use 
reflectors that are too flat or shallow to properly in- 
tercept and redirect the light that the lamps emit. A 
deep bowl-shape of reflector may give just as wide a 
spread of light as a shallow one, in addition shielding 
the lamp filament from direct view. It may seem 
superfluous to repeat the statement here, but light 
which is allowed to escape sidewise, as when the lamp 
filament is placed below the edge of the reflector, is 
generally wasted on the upper walls of the building. 

True, in all manufacturing plants, but especially 
so in the steel mill, any detail like better lighting 
which may help speed up production is now extremely 
valuable. Investments that will conserve man-power 
and health ought not be neglected. The steel indus- 
try, even before the war, employed more people than 
live in Nevada, Wyoming, Arizona and New Mexico, 
and had an invested capital greater than all the natural 
wealth of Switzerland. So it may be guessed that if 
through the agency of good lighting we may increase 
quantity or quality of output even but the smallest 
fraction of a per cent, we have done much towards real 
war economy. 
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Potash Recovery from Blast Furnace Dust 


Review of Progress Made in Recovering Potash, With Particular 
Reference to English Conditions — Data from Flue Dust, 


Stove Dust, Tube 


Cleanings 


and Spent Liquor Tests. 


By R. A. BERRY and D. N. McARTHUR. 


That the dust deposited from blast furnaces and 
kiln gases contained potash salts is by no means a new 
discovery. In 1884 a patent was taken out by Hugh 
Barclay and Robert Simpson of the Harrington iron 
works, Cumberland, for the recovery of salts, especially 
potash salts, from coke-fed furnaces. Reference to 
similar patents occur in American literature. At the 
Riverside Portland Cement Company’s works in Cali- 
fornia, a Cottrell electrical precipitation plant was 
installed in 1911 for the purpose of precipitating the 
dust from the kiln gases and the dust was found to 
contain potassium salts, the raw material containing 
0.2 per cent K,0. Owing to the low price of potash 
salts at that time, the dust was not considered to be 
of any value but it was allowed to accumulate. With 
the outbreak of war, however, the whole position 
changed and this accumulated dust then became a 
product of considerable value. In 1915 the same com- 
pany, every 24 hours, was recovering, from five kilns, 
from 20 to 25 tons of dust containing 5 to 20 per cent 
of water-soluble potash (K,O). De Beers calculated 
that 80,000 tons of potash could be obtained annually 
from such sources in the United States. Wysor found 
that the yellowish dust, which accumulates at the 
bottom of the stone checkerwork in the stoves and 
gas-fired boilers, contained 15 per cent of water-solu- 
ble potash (K,O). Since the war started, he has gone 
into the question of the potash content of the raw 
material and of its recovery from the furnaces gases 
and has drawn up a balance-sheet to show the weight 
of potash charged into the furnace and the amount 
recovered and lost. He estimates the greatest loss to 
be in the primary and secondary washers, amounting 
to some 50 per cent of the whole, while in the slag 
some 20 per cent is lost. The amount recovered in 
the dust from the stoves and boilers is under 1 per 
cent of the potash charged. In 1916 an experimental 
Cottrell plant was installed, being connected to the 
gas main leaving one of the dust catchers, and he 
found that practically all the dust entering the plant 
could be successfully precipitated. This dust con- 
tained on an average about 10 per cent of potash 
(K,O) and the color varied from a light to a dark gray. 
The quantity of potash charged was 22.4 pounds per 
ton of pig iron produced and deducting the amount 
of potash in the slag and dust catcher, namely, 6 
pounds, about 15 pounds per ton of pig iron appear 
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to be left in the gases, which were then recoverable 
by the Cottrell process. 

According to Burchard’s figures the potash con- 
tent of the iron ores varies greatly, from 0.17 to 2.56 
per cent K,O in some American ores, the average be- 
ing 0.63 per cent. Grasby, however, gives the aver- 
age as 1.32 per cent, the lowest being 0.70 per cent 
K,O and the highest 2.29 per cent. 

The production of pig iron in the United States 
in 1916 amounted to over 39,000,000 tons, so that if 
Wysor’s figures are correct then the flue dust from 
the coke-fed furnaces in the states is a great addition 
to the potash supply. 

In Scotland, however, the recovery of potash from 
blast furnace gases is a rather different problem, as 
not only is the potash content of the iron ores used 
probably lower, but coal instead of coke is normally 
used. In the case of the coal-fed furnaces much tarry 
matter is produced. With the coke-fed furnaces, as 
in England, this is absent so that the gases are not 
washed but led from the dust catcher direct to the 
stoves and boilers, the dust being deposited in the 
dust catchers, tubes, stoves and at the base of the 
chimney stack. 

Cranfield states that from one furnace per week 
20 tons of a coarse black dust are deposited in the 
dust catcher, five tons of a reddish dust in the stoves 
and boilers, and one ton of a cream-colored dust at 
the base of the chimney stacks. The potash (K,O) 
content of each is 2.5, 7.0 and 10 per cent, respectively, 
and a total annual yield from the furnaces in Great 
Britain of 15,000 tons of potash (K,O) is estimated. 
His estimate is, however, too high as he assumes that 
the Scottish furnaces are producing dust at the same 
rate as the English ones. Coke-fed furnaces are driv- 
en harder with a blast of about 12 pounds compared 
with five pounds in the Scottish practice and conse- 
quently more dust is produced in the English works. 

As the amount of dust produced in the Scottish 
practice is relatively very small, the spent liquor, 
which according to Wysor is the main avenue of loss, 
scems more deserving of attention. So far as we are 
aware there are no published analyses of the spent 
liquors; while the analytical data showing the potash 
content of the raw materials are almost equally un- 
satisfactory. The potassium is present mostly in com- 
bination with silica and its amount will vary largely. 
Probably the silicates of potassium, at the high tem- 
perature reached at the base of the furnace, interact 


March, 1918 


with other components of the charge liberating the 
potassium as oxide which, in turn, reacts with the 
sulphate and chlorides present to form potassium 
salts. Potassium cyanide is found at certain regions 
inthe furnace, but is again decomposed, the nitrogen 
beng given off as ammonia and free nitrogen, and the 
potassium probably as oxide or carbonate. The high 
temperature vaporizes the potassium compounds and 
the vapors, as they pass into the cooler parts of the 
frunace, condense in the form of fine dust particles 
which are carried over along with the dust from the 
fuel and ores. The heavier particles are deposited 


inthe dust catcher and form a coarse black powder. | 


Inside the main tube a thick coating of carbonaceous 
matter 1s formed which is periodically cleaned out and 
forms, along with the dust from the dust catcher, the 
“tube cleanings.” 


The furnace gases contain a large proportion of 
tarry matter, from the coal, which condenses and en- 
crusts much of the mineral matter. Most of the 
heavy tarry matter separates in the condensers and 
in settling carries down with it a considerable quan- 
tity of the fine dust. The rest of the tarry matter, the 
ammonia, and most of the remaining fine dust are 
then caught by the water during the cleaning of the 
gas in the scrubbers. The gases on leaving the scrub- 
bers should only contain a very little mineral matter 
and this 1s caught in the stove and boilers forming 
the stove and boiler dust. The spent liquor, from 
which the bulk of tarry matter and the ammonia have 
been extracted, is at present allowed to escape except 
at Messers. Baird & Co.’s Lugar and Muirkirk plants 
and at the Dalmellington Iron Company’s_ works, 
Dunaskin, where for several years the potassium salts 
have been recovered by evaporating the spent liquors. 
samples of the spent liquors and of the dusts were 
received for analysis towards the end of May, 1917, 
trom the different plants in Scotland and their potash 
content was determined with a view to forming an 
estimate of the quantity of potash which might possi- 
bly be recovered. 

Consideration may be first given to the dusts: 


Flue Dust. 

Nine samples were received. The dusts were of 
a very fine powdery nature, but microscopic examina- 
tion revealed a large number of minute crystals, too 
small for identification. The color varied from cream 
to purple and some dusts were distinctly alkaline, 
while others were neutral to litmus paper. The water- 
soluble potash (K,O) was first determined in each 
sample and subsequently the. total potash in several 
samples. 

The water-soluble potash (K,O) varied from 4.7 
to 19.49 per cent, the average being 8.86 per cent. It 
was not possible to correlate color and potash content. 


A qualitative examination of the dust usually 
showed in addition to potassium, the presence of 
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iron, aluminum, calcium, magnesium, sodium and sili- 
ca, while in many lead and zinc were also found. 
Chlorides, sulphates, and carbonates were the pre- 
dominating acid radicles. 

The highest yield of dust per annum at any one 
of the plants was 21 tons. The one plant using coke 
fuel gave a yield of 300 tons per annum—due to a 
greater blast, and to the absence of tarry matter, but 
the potash content was low, namely, 3.13 per cent. 
I’xcluding the latter the total production per annum 
of flue dust in Scotland from the coal-fed furnaces 
does not reach 100 tons, and taking the present value 
of the potash at 15s. per unit, the estimated total 
value is £550, while the estimated value of dust 
from the coke-fed furnaces amounts to £700 per an- 
num as against £150 and £190, respectively, if valued 
at the pre-war rate of 4s. per unit of potash (K,O). 


Stove Dust. 

Only three samples were received. The potash 
content varied between 6 and 8 per cent water-soluble 
k.O. With the exception of the plant using coke 
fuel, the yields are negligible. In this case the yield 
was 150 tons per annum, the total potash content be- 
ing 13.6 per cent K,O and the water-soluble potash 
7.6 per cent. These values are given in Table II. 

The total potash was determined in five samples 
of dust and the percentage of the total potash soluble 
in water ranged from 40 to 89. 


Tube Cleanings. 

Samples from 15 works were received. They were 
black and contained a considerable amount of car- 
bonaceous matter. The percentage of ash in the sam- 
ples analyzed varied from 53 to 74 per cent. As the 
ash contained only a very small percentage of water- 
soluble potash, the highest being 2.7 per cent and the 
lowest under 1 per cent, only a few samples were an- 
alyzed. The value of these dusts is however high in 
comparison with the other dusts on account of the 
great quantities of cleanings annually produced. Ac- 
cording to estimates supplied, the total quantity of 
tube cleanings produced per annum from the Scottish 
furnaces amounts to nearly 15,000 tons. 


Spent Liquor. 

Fifteen works supplied samples. Two samples 
were taken from each plant at an interval of one week. 
The method of sampling consisted in taking a ladlefull 
—about one-half gallon—every hour during the 24 
hours, and from the composite sample, a further one 
gallon was drawn for analysis. The specific gravity, 
total solids, ash and water-soluble potash in the ash 
were determined in each sample. 

Owing to the presence of the tarry matter evap- 
oration was greatly retarded. The Cottrell process 
has been employed for precipitating coal-tar products. 
If the temperature was kept above the vaporizing 
point of the light oils, etc. the heavy tarry matter 
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TABLE I. 
FLUE DUSTS. 


: Action Yield Value at 15s. Value at 4s. 
Firm No Water-sol. Colour. towards per annum. per unit of per anit of 
litmus paper. 20. K,0. 


% Tons. & Ls 
11-06 Grey Alkaline 21 174-2 46-5 
19-49 Yellowish brown Neutral 10 146-2 s04 
6-59 Yellowish Brown Neutral 5 25-2" 64 

4:59 Greyish white Neutral 6 20°7 5D 

4-07 Reddish white Neutral 2 6-1 1-6 
8-58 Light brown Neutral 2 12:9 >2 

8:05 Purple Alkaline 20 120-8 Bie A 
8-46 Cream Neutral 5 31-7 34 
3°13 Grey Alkalive 300 704-3 I87°3 


*No. 17. Coke-fed furnace. 


Average °, water-sol. potash in dust from 8 coal-fed furnaces ............ 8-S6 

Total yearly yield of flue dust from & coal-fed furnaces ............ ..... 71 tons 
Total yearly value of flue dust at 15s. per unit K.O ................. ... £550 approx. 
Total vearly value of flue dust at 4s. per unit KeaO  ...........- 20.2000. £144 approx. 


TABLE IT. 
STOVE DUSTS. 


. Water-sol. Yield Value at los. Value at 4a. 
Firm No. potash. Colour. per annum. per unit of K.O per unit of K.d. 
% ; Tons. £ £ 
ay, ae tae Gee ahate 7-87 Reddish brown l 3:9 1-5 
Ee, <psiede comrr cia Bt 6-86 Grey 6 30:9 a2 
Tl aes ks 765 White 150 860-6 2241-3 
*No. 17. Coke-fed furnace. 
Total yearly yield of dust from 2 coal-fed furnaces :............0c00cceee 7 tons 
Total yearly value of dust from 2 coal-fed furnaces at 15s. per unit'K,O .. £37 approx. 
Total yearly value of dust from 2 coal-fed furnaces at 4s. per unit K.O .. £10 approx. 
TABLE IIT. . oe 
: COMPARISON OF WATER-SOLUBLE AND TOTAL POTASH IN DUST. 
oe Total water- Total potash (K,0) Water-soluble Total potash water- 
Firm No. Dust. sol. salts. 50]. in HCI. potash, K,0O. sol. 
! . 
(+) o/ % ft.) 
ae eee Flue 56-9 21-96 19-49 88-7 
a ee eee es Flue 25°83 11-13 8-06 72-4 
Oe agiztiucn ean ease Burnt tube cleanings 11°5 2-60 1-04 400 
DD  eteraiaca andar dna ie Flue 11-3 6-67 3-13 46-9 
ch aa er en eee ae Stove — 13°58 765 56-3 
In flue dust average % total potash (K.O) water-soluble is 69:3. 
TABLE IV. 
TUBE CLEANINGS. 
Doe Yearly yield Yearly yield of Value at 15s. | Value at 4s. 
Firm No. Ash. Water-sul. potash ash (app.). tube cleanings. per unit of per unit of 
K.O in ash. K.O. 20. 
a Tons Tons 
oe Bede tes 60-5 1-1 D 250 124-6 330 
a Saar es 74-4 2 350 470 708-75 189-0 
Do ag Dek 39°11 0:3 236 400 | 53-1 | 14-2 
We. ace ae I3°O 2°5 1605 3000 3009-4 802-5 
TP cakes 65:8 1-0 342 520 | 255-5 | 68-4 
*No. 17. Coke-fed furnace. ° 
| Average % water-sol. potash in ash from 4 coal-fed furmaces.............. 14 
Total vearly vield of cleanings from 4 coal-fed furnaces .............-..45 4120 tons 


Total yearly value of ash from 4 coal-fed furnaccs at 15s. per unit Ko. .. £3900 approx. 
Total yearly value of ash from 4 coal-fed furnaces at 4s. per unit K.O .. £1040 approx. 
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might be precipitated out with all the dust and thus 
produce a partial cleansing of the gas. This pitch 
might then be burnt. 

The potassium was present mainly as sulphate 
and chloride except in one or two cases where a fair 
percentage of carbonate was found. 

The ash was usually white or gray. The duplicate 
analyses varied considerably in many cases, but on 
the whole the agreement was considered satifactory. 
The highest percentage of K,O found was 55.7 per 
cent from firm No. 6 and the lowest 20.6 per cent from 
No. 8, the average being 33.5 per cent. The potash 
content of the ash was high, but the yield of ash was 
disappointing. The highest yield estimated for any 
one plant was 318 tons at No. 12 and the lowest 17 
tons at No. 8, while the total yield of ash was 1,696 
tons. 
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on a 4s. per unit basis. The total value of £1,696 tons 
containing an average of 33.5 per cent water-soluble 
potash (K,O) is £44,312 on a 15s. per unit basis 
and £11,500 on a 4s. per unit basis. These data refer 
to 15 plants using coal fuel and having a total of 72 
furnaces in blast. The question of the advisability 
of evaporating the spent liquor must be decided by 
each firm for itself. When the yield of ash reaches 
100 tons and its value between £2,500 and £3,000 
and when spare heat and exhaust steam are available, 
the matter is worthy of serious consideration. It is, 
however, necessary to remember that the prices per 
unit of K,O in pre-war days was about 4s. and it may 
again fall to that figure after the war. The erection 
of evaporating plants at most of the works would be 
necessary and, at the present time, the cost of so do- 
ing would be high. Preliminary concentration of the 


TABLE V. 


SPENT LIQUOR. 


One gallon contains: Ash yield Water soluble | Yearly value | Yearly value 
Firm Sp.gr. | ——s—Cs—<Csi‘Cs—SsSsSSSSSsSSSSesesesesesesesese in tons: potash ° of potash of potash 
No. average. yearly average % at 15s. at 4s. 
Dry matter. | Ash. | Potash K,0O. average. in ash. per unit. per unit. 
grms grms. grms. £ £ 
] 1-N19 9-443 4:721 1-525 207 31-4 6052-4 1614-0 
2 1-039 120-58 84-525 30-753 273 36-4 7452-9 1987-4 
3 1:320 — 434-952 156-583 125 36-0 3375-0 900 4) 
4 1-035 9-824 6:77: 2-452 58 36-2 1574-7 419-9 
5 1-020 7640 4-843 1-822 148 43-1 4719-3 1275°8 
¢ 1-025 9-198 4-431 [ © 2:429 66 55°7 2757-2 735-2 
7 1-017 6-065 3-990 0-826 30 2046 772-5 2060) 
8 1-027 4-558 1-587 0-321 17 20-6 262:7 70:0 
9 1-013 8-622 5-257 2-029 95 38-2 28370 7258 
10 1018 7-318 2-065 0-373 40 27-2 918-0 244-3 
ll 1-019 5663 3°787 1-329 36 33-6 907-2 241-9 
12 1-019 19-296 12-712 2-833 318 22-3 5286-8 1418-3 
0 1-023 5-401 2-260 0-657 4) 28°8 885-4 236-2 
lf 1-035 9-797 6-405 3-036 69 47-4 3833-0 654°1 
15 1-026 19-460 5°448 2-179 98 40-0 2940-0 | 7340 
Average °g water-soluble potash ...... 0. cc cc cece cee ccc cece rece cece ecees 33°5 
‘Total vearly yield of ash from 15 coal-fed furnaces ................00000- 1698 tons 
Total vearly value of ash at 15s. per unit K,0 2... ce wc wees £44,575 approx. 
Total yearly value of ash at 43. per unit K,0 ie ieigelt eredneslg soba a erate de arene ites Gia od £11,513 approx. 


The factors which would account for the variation 
in yield comprise the number of furnaces in blast, the 
Structural differences in individual plants, the eff- 
ciency of the washing and the potash content of the 
raw materials. Considerable variation must be ex- 
pected in the raw materials according to the nature 
of the coal, the iron ore and the limestone used. As 
stated above, published data showing the potassium 
content of the raw materials are not available. 

The potassium salts could be extracted with water 
or the ash, without further treatment, might be used 
as amanure. The value of the ash is given in Table 
V. No. 1 plant yields 257 tons containing 31.4 per 
cent K,O soluble in water and at the present market 
price of potash, namely, 15s. per unit, this quantity 1s 
valued at £6,052 or at £1,614 on the pre-war basis of 
4s. per unit K,O. No. 12 plant yields 318 tons con- 
taining 22.3 per cent K,O soluble in water and valued 
at 15s. per unit of potash represents £5,286 or £1,418 
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liquors, where exhaust steam is available, is recom- 
mended and, owing to the scum of tarry matter which 
forms on the surface, this must be facilitated by me- 
chanical stirring and splashing with furnaces of the 
Porion type or by other means. According to an 
estimate supplied to us by Messrs. Gillespie & Son, 
consulting engineers, Glasgow, an evaporating plant 
of this kind to deal with 20,000 gallons daily, would 
cost £4,000 and to deal with 100,000 gallons daily 
would cost £14,000. If spare heat is available then 
the capital outlay may be wiped off in a few years. 
Even if the value of the potash salts recovered is suf- 
ficient only to pay the running expenses of the plant, 
then evaporation of the spent liquor is perhaps the 
best way for its disposal. 


Sources of Loss. 


Considering that such relatively small quantities 
of potash are recoverable in the dust and spent liquor, 
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the question arises as to what is the weight of potas- 
sium charged into the furnaces and what are the 
sources of loss. The principal losses would be in the 
pitch and slag. 

Pitch from blast furnaces contains much more 
mineral matter than that from coke and _ coal-gas 
plants. According to the conditions of deposition and 
recovery of the tarry matter, the percentage of the 
amount of ash in the pitch will vary in different works. 
Figures which have been supplied to us, indicate that 
the ash content varies from 10 to 25 per cent, the 
average being about 15 per cent. Devices such as 
filtration, centrifuging and so forth are in use to re- 
move the ash. It is also possible that the percentage 
of potash in the ash from any one plant may vary. 
An analysis of the pitch from No. 1 plant shows it to 
contain 17 per cent of ash and the ash 88 per cent 
of water-soluble potash. The yield of pitch per ton 
of coal burnt varies from 98 to 140 pounds at different 
plants, the average being about 112 pounds. The 
pitch left, after the recovery of the light oils, etc., 
from the tar, also varies at the different works; or, for 
example, at No. 1 plant it was 70 per cent of the tar 
while Gray and Mellanby put the figure at 65 per cent. 

When the ash content is 15 per cent and 8 per cent 
of this is water-soluble potash it would, with pitch 
at 12s. per ton, pay to burn the latter as fuel and col- 
Iect the ash. On the basis of these figures and ignor- 
ing the insoluble potash one ton of ash could be ob- 
tained from 6.6 tons of pitch and, with the market 
price of potash at 15s. per unit (K,O), would be worth 
£6 without taking into account the fuel value, while 
the initial cost of the pitch at 12s. per ton would be 
approximately £4. At the pre-war rate of 4s. per 
unit the ash would only be worth £1 12s. The burn- 
ing of the pitch might produce difficulties but these 
doubtless could be overcome. 


The coal consumed in blast furnaces in Scotland 
in 1915 amounted to 1,478,924 tons, so that on an aver- 
age production of 112 pounds pitch .per ton of coal. 
then the total yield of pitch would be about 74,000 
tons. If all the pitch were burned, 11,092 tons of ash 
containing 8 per cent K,O would be obtained and at 
present prices would be worth £41,596 and at pre- 
war prices £11,100. 


Slag. 

The quantity of slag produced per ton of pig iron 
varies according to the purity of the iron ore and 
limestone and the weight of slag also varies from 
900 to 2,300 per ton of pig iron produced at the 
different plants. The slag contains potassium, 0.24 
per cent. K,O being found in slag from firm No. 1, 
but at present it does not seem feasible to recover this. 


Balance Sheet. 

The amounts of potash in the raw materials; coal, 
coke, iron ore, and limestone, and in the slag and 
other by-products from No. 1 plant have been deter- 
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mined and are as follows: Spent coal 0.040 per cent 
kK.O, coke 0.121 per cent, iron ore 0.128 per cent, 
limestone 0.136 per cent K,O. A balance sheet was 
drawn up with the following result: 


Total potash charged into furnace—/7.6 Ib. per ton of pig iron. 
Potash recovered— 


In spent liquor ......... 14 Ib. per ton of pig iron. 
In flue and stove dust... 0.04]b. per ton of pig iron. 
Mim pitch  4cs6eeswe blest 1.7 lb. per ton of pig iron. 
In tube cleanings ...... 0.2 lb. per ton of pig iron. 
Tine SIGE iniias..bAtodee oka: 2.7 lb. per ton of pig iron. 

POP screen e Ces coomes 6.04 1b. per ton of pig iron. 
Unaccounted ........... 16 lb. per ton of pig iron. 


The deficiency is due to other sources of loss in 
the furnace and in the running off of the slag, pig 
iron, etc. 


‘he iron ore was the principal source of the pot- 
ash, while the coal did not supply much more than 
the limestone. In contradistinction to these results 
Sir Lothian Bell states in his work on “Chemical 
Phenomena of Iron Smelting,” that the potash is de- 
rived from the coal. 


The balance sheet is in preat contrast to that ob- 
tained by Wysor. ‘Too much stress, however, cannot 
be laid on the fact, that our figures are only applicable 
tu the raw materials and to the plant in question. 


Although it has not been possible in the time at 
our disposal to obtain similar figures from other works, 
these figures may be extended, generally, to those 
plants using Welsh limestone and a mixture of Span- 
ish ores. Thus taking the production of pig iron in 
Scotland for 1916 at 1,144,756 tons and the potash 
charged into the furnaces at 7.6 pounds per ton of 
pig iron, the total weight of potassium would amount 
to 3,884 tons, more than one-half of which is recov- 
erable. 

In Scotland 12 companies having 17 works, a total 
of 102 blast furnaces, produce potash-bearing by- 
products. 

The total quantity of potash recoverable from these 
by-products is as follows: 


Tons K:O 

Spent liquor 1,694 tons containing 35.5 per cent 

water soluble potash............cce cee eee ee 567.4 
I‘lue and stove dust about 100 tons containing 

8 per cent water soluble potash............ 8.0 
Pitch ash about 11,092 tons containing 8 per 

cent water soluble potash.................. 885.8 
Tube cleaning dust about 8,250 tons containing 

2.5 per cent water soluble potash........... 206.0 

Total, PROCUCTION: acwaieteowsdiea aren tee aes 1,667.2 


The figure is, relatively, a very small one, but it 
represents water-soluble potash. It is hardly possi- 
ble with the data we have to estimate approximately 
what the total amount of insoluble potash would be. 
The insoluble potash might be rendered soluble by a 
process similar to that of Rhodin. The heat from 
burning the pitch and the tube cleanings could be 
utilized for evaporating the spent liquor. 
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Description of Small Open Hearth Furnace 


First McLain-Carter Furnace of Two to Three Ton Capacity 

Using Oil as Fuel, Stood Six Hundred and Ninety-four Heats 

Without Relining—Three to Five Heats Are Poured Per Day. 
By DAVID McLAIN. 


The author presented a paper before the American 
Fuundrymen’s Association last September in which 
steel foundry practice was reviewed and a small open 
hearth furnace described by Mr. McLain, of McLain’s 
System, Milwaukee, Wis. The following is an ac- 
count of the first McLain-Carter furnace: 

After the drawings were made, the first contact was 
accepted in December, 1915. The contract called for 
atwo to three-ton furnace for the Standard Crucible 
Steel Castings Company, Milwaukee, Wis. March 2, 
1916, we melted the first heat, about 3,000 pounds of 
metal. This firm was using 30 crucibles per day, at 
acost of $5 each. They were scrapped after three to 
hve heats. 

The saving on crucibles alone paid for our furnace 
in 80 days. Our furnace will melt from three to five 
heats per day and barring some minor repairs, we be- 
lieve, it will stand up for years, producing fluid steel of 
the very highest temperature. 

The Standard Crucible Casting Company had oper- 
ated four crucible furnaces of the Milwaukee type for 
seven years, confining their product to castings weigh- 
ing less than 100 pounds. Consequently the shop had 
no cranes, of either the jib or traveling types. An 
older was placed for a crane when they placed the 
order for our furnace, but the latter was operating for 
several months before the crane was installed. Great 
credit must be given the foundry executives for manip- 
ulating their scant equipment to take care of 6 to 10 
tons of liquid steel per day. 


To give you an idea of the crude manner in which 
the first heat was handled, permit me to digress for a 
moment. Overhead was an 8-inch wood beam to 
which was fastened a 6-foot length of a 1 x 3-inch 
flat bar. A block and tackle was suspended from this 
bar directly in front of tapping spout. When the 
metal was tapped, it was found the chains would not 
work either to raise or lower the ladle and we were 
compelled to move the molds up to the ladle. 


Low Melting Loss. 


Melters and steel fnudrymen in general claimed 
that this furnace would burn down in 30 days, but, 
strange to say, it melted 694 heats without relining. 
It also was contended that excessive oxidation would 
result on account of the shallow bath. The usual loss 
in open hearth melting is from 8 to 10 per cent, and 
with good melting practice, we do not believe that 
ours will exceed 10 per cent. 
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Experience with our furnace has proved, we be- 
lieve, that in normal times it will melt steel at a cost 
of $22 to $24 per ton in the ladle, which is about half 
the cost of crucible steel in the ladle, when crucibles 
are selling for $2.25, with oil at 3 to 4 cents a gallon 
and boiler punchings from $14 to $16 a ton. We use 
standard Bessemer pig iron and 85 per cent low-phos- 
phorus scrap, unless a very low-phosphorus steel is 
wanted, when, of course, it 1s advisable to use some 
low-phosphorus pig iron. 


Oil Used as Fuel. 


Oil is used as a fuel and when melting five heats 
per day, 70 gallons are required per ton of steel, al- 
though 65 gallons or less are sufficient when melting 
continuously. Afternoon heats of two tons each can 
be melted and poured in 1 hour and 40 minutes to 1 
hour and 50 minutes, while the first morning heat may 
require 2 hours and 15 minutes to 2 hours and 30 
minutes. Afternoon heats of 7,000 pounds have been 
melted in 2 hours and 15 minutes, but the average 
time for a 7,000-pound heat is 2 hours and 45 minutes. 
Several 8,500-pound heats have been charged, melted 
and tapped in 3 hours or less in the afternoon. 


While the claim has been made that a fire must 
be kept in this furnace continuously, whether it 1s 
working or not, permit me to state this is a mistake. 
It is true, we keep the furnace warm by using 40 or 
50 gallons of oil every five or six hours to maintain 
a high enough temperature so the silica brick will be 
prevented from spalling, and to avoid undue contrac- 
tion of the furnace. If for some reason you were not 
going to melt steel for a week or more, it would re- 
quire approximately 200 gallons of oil each 24 hours 
tu maintain the desired temperature. This furnace 
18 provided with ample regenerators, apparently out 
of all proportion to its size. 


Metal is Fluid. 


At least one heat per day of 4,000 to 4,500 pounds 
is poured over the lip and shanked for bench molds as 
in gray iron practice. Every steel foundryman who 
has been privileged to watch one of these heats poured 
has observed the fluidity of the metal. It will pour 
from 150 to 200 or more molds, some of which may 
contain 20 castings weighing only a few ounces each. 
The quality of the metal will depend on the material 
and care used by the melter. The foundry practice 
also must be good as in all other cases. 
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PRODUCTION TOPICS 


DOES STRIKING THE ARC INJURE THE MATERIAL. 


At various times statements have been made concerning 
the change in the character of iron or steel after an electric 
arc has been struck. It has been claimed that directly under 
this point the material undergoes a change resulting in a 
poor quality of metal which is similar to burned material. 
This inferior part is supposed to be in the shape of a cone 
with the apex downward. These statements have, without 
exception, been made by men who are associated with the 
oxy-acetylene industry or by arc-welding representatives 
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who manufacture or handle an arc-welding equipment which 
is designed to automatically control the current or voltage 
of the welding circuit. ‘These statements led to an investiga- 
tion which was intended to determine the truth or falsity of 
such remarks. To completely test this point, five standard 
test pieces one-half inch in diameter were prepared and an 
arc struck on four of these pieces. In some cases the arc 
was merely struck and in other cases the arc was struck 
and carried along the test piece for a distance of an inch. 
During this operation no material was deposited from the 
electrode. The arc was merely struck and carried along the 
test piece. The piece on which the arc was not struck was 
tested along with others. The voltage of the arc-welding 
circuit was approximately 60 volts, and the current approxi- 
mated 150 amperes. The tests were carried out in the West- 
inghouse works at East Pittsburgh, Pa. 

The accompanying illustration shows the specimens after 
they had been subjected to a pulling test. The illustration 
shows the test number, the ultimate tensile strength in pounds per 
square inch and the percentage of elongation. The material was 
common hot roll steel with .1 to .2 carbon. Test pieces 5-1, 5-2, 
6-1, and 6-2, were the ones on which the arc was struck and test 
piece Number 7 is the one which was not disturbed in any way. 
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The remarkable thing about the investigation was the 
ultimate tensile strength of all five pieces check closer than 
could be expected, and that the piece which was not disturbed 
by the arc had a lower percentage elongation than any of 
the pieces on which the arc was struck. 

This shows quite fully that the material on which the arc 
was struck underwent no structural change which would injure 
its original physical properties. Further, that there were no 
thermal disturbances set up in any way. Apparently the state- 
ments referred to above are in error, as the striking of the arc 
from the arc-welding circuit where the potential is 60 to 75 
volts does not in any way injure or depreciate the material di- 
rectly under the arc. Therefore, the inverted cone of deformed 
material, as mentioned. by many, is probably without sufficient 
foundation to cause any concern to the users of arc welding. 

Another interesting investigation which was made was one 
in which a solid plate was reinforced throughout its entire length 
on one side with a deposit of metal from the electric arc. This 
solid plate, which was reinforced, was cut from a sheet of steel 
which had an original tensile strength of approximately 56,000 
pounds. After the deposit was made the entire added material 
was machined off, leaving the plate of the original thickness and 
the original material. The sheet prepared as described was sub- 
jected to a tension test and showed an ultimate tensile strength 
of 59,800 pounds per square inch, with 33 per cent reduction 
in area and 14 per cent elongation. The reduction in area in the 
original stock was 60 per cent, and the percentage elongation was 
approximately 28 per cent. This test also tends to establish the 
fact that the tensile strength is not decreased either by the heat 
of welding or the striking of the arc. 


This deprives the oxy-acetylene welders of the argument 
which they have often advanced, and also shows that the auto- 
matic current and voltage regulating devices which are on the 
market are quite unnecessary to the performance of good work. 
It may be stated definitely, without question, that the simpler 
the arc welding equipment can be made, the better will be the 
rsults, as the automatic features only complicate the equipment 
without increasing its efficiency or workability. 


CORROSION INVESTIGATIONS. 


In the 1916 year book of the United States Bureau of Mines, 
the subject of economic losses, due to corrosion, is given con- 
siderable attention. The report states in part: 

“The corrosion of metals is receiving constantly increasing 
attention in the metallurgical world on the part of both the 
manufacturer and the user. For a time we were inclined to be- 
lieve that modern conditions of service and the demand for pro- 
duction by present-day methods made short life inevitable. 
Fortunately scattered examples of long-lived products, and the 
activities of certain investigators and: producers, showed that 
improvement in material was within the bounds of probability. 
Such improvement has been marked within recent years, and it 
seems likely that we have by no means reached the limit of ad- 
vancement in quality. Again, the better understanding of the 
underlying causes of corrosion is opening new avenues of at- 
tack for solution of the problem. 

“That the rusting of iron and steel is one of our serious 
economic and conservation problems is now generally admitted. 
If we assume an average life of steel of 33 years, the deprecia- 
tion charge of 3 per cent represents in this country a yearly loss 
of 1,000,000 tons of product, valued at $30,000,000 to $40,000,000 
for the crude or semifinished material alone, exclusive of cor- 
related fabricating costs.” 
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EXTENSIONS TO STEEL FOUNDRY. 


The Birdsboro Steel Foundry & Machine Company is 
at the present time engaged in the construction of an ex- 
tension to their present foundries. This extension is in the 
form of an L that will join the iron foundry and steel foundry 
together, and will consist of an extension 135 feet long to the 
iron foundry building, which is 60 feet from center to center 
of crane rails. The extension to the steel foundry will be 
10 feet long, one bay of which will be 50 feet 3 inches from 
center to center of rails, and the other 60 feet from center 
to center of rails. -The addition will add approximately 
16000 square feet to the foundry floor space. 

In connection with the addition, one 35-ton crane, one 
10-ton crane, and one additional 30-ton open hearth furnace 
are being added in the steel foundry; also an additional 52- 
inch cupola in the tron foundry. An outside crane runway 
for unloading and storing raw material for the iron foundry 
has just been completed. This runway is 173 feet long x 50 
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feet wide, and is equipped with a five-ton Shepard mono-rail 
hoist, which unloads raw material from the cars and charges 
it direct into the cupola, or stores it under the runway, as 
he case may be. 

In connection with this runway a system of concrete 
bins for storing sand, coal, coke and scrap has been erected. 
This extension to the present foundries will give almost 
three acres of floor space under one roof, and will increase 
the capacity of both the iron and steel foundries very ma- 
terially. 

The illustration shows the extensions made necessary in 
order to increase the production of iron and steel castings. 
The Birdsboro Steel Foundry & Machine Company is en- 
gaged in important naval and ship contracts for the govern- 
ment. 


A general meeting of the American Institute of Mining 
Engineers was held during the week of February 18 at the 
Engineering Societies’ Building in New York. The technical 
sessions were devoted to coal, non-ferrous metals, mining and 
milling. Papers by Dr. Henry M. Howe and J. E. Howard 
on gun erosion and transverse fissures in rails were pre- 
sented and discussed, as well as many other important papers. 


The London “Iron and Coal Trades Review” comments on 
the probability of a shortage of pig iron in Great Britain. 
As a result of the submarine campaign the government has 
taken steps in the development of the native iron ores and 
the equipment of basic furnaces operating on these ores. 
Shortage of labor and other conditions have made progress 
slow and a serious shortage is expected. 
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The Saginaw Malleable Iron Company, of Saginaw, Mich., 
recently placed a second large melting furnace into opera- 
tion, which gives employment to 100 additional men. Plans 
are now being made for doubling the present annual capacity 
of 12,000 tons within the next year. 


The American Steel & Wire Company has taken out a 
permit for a benzol plant, to be operated in connection with 
its new coke plant in Cleveland, O. The benzol plant will 
occupy a one-story building, 96 x 111 feet. 


The Seaboard Steel & Manganase Company, Temple, Pa., 
has a new furnace stack under construction measuring 11 x 
18 x 80 feet and skip filled. To take care of this stack a 
20 x 70-foot stove is being erected and a new blowing engine 
installed. 


The Sharon Steel Hoop Company, Sharon, Pa., has pur- 
chased the blast furnace of the Ohio Iron & Steel Company, 
at Lowellville, O., and the land surrounding to the extent of 
200 acres. Extensions are under consideration in the form 
of by-product coke ovens, a blast furnace, a mixer, open 
hearth furnaces and a fintshing mill. 


The Red River furnace, at Clarksville, Tenn., was blown 
in Kebruary & on silvery iron after being out of blast a 
month. Hickman, Williams & Co., Chicago., lll. are the 
agents. 


—— 


CHEMISTS DISCUSS INDUSTRIES IN CHINA. 


The New York Section of the American Electro-Chemical 
Society, Society of Chemical Industry, and American Chem- 
ical Society met in a joint session in New York on March 1. 
H. K. Richardson, who has had considerable experience in 
China, spoke on “A Chemist’s View of the Native Industries 
of China.” Other authorities possessed of intimate knowledge 
of the chemical and allied industries of China expressed ideas 
along the same lines. 


AMERICAN IRON AND STEEL INSTITUTE RAISES 
LIMIT OF MEMBERSHIP. 


The American Iron and Steel Institute has a limited 
membership. It has consisted of 1,250 active members and 
250 associate members. A waiting list of over 200 grew up. 
To meet this situation, the board of directors has increased 
the active list to 1,400 and the associate list to 400 This 
leaves a little margin for the present, but the demand for 
membership is so great that it 1s expected there will soon 
be another waiting list. 


DRIVER HARRIS FIRE NOT DISASTROUS. 


Newspaper accounts of the fire at the plant of the Driver 
Harris Company, at Harrison, N. J., have been exaggerated 
to the extent of leading people to believe the concern to be 
temporarily out of business. To correct this impression the 


company states, that only two buildings were destroyed and 


the equipment for replacing the loss has already been pur- 
chased. The wire drawing and cold rolied sheet departments 
and foundry have not been interrupted, and the suspension 
of shipment of materials effected by the fire will only last a 
short time. 
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Some Pointers on By-Product Coke Oven O perations 
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BY-PRODUCT COKE PLANT AT MINNEQUA. 


(Continued from page 123.) 

4 feet 7 inches in diameter. Each section is provided with 12 
bells, and the total height of the still is about 24 feet. From 
these stills the debenzolized oil passes through the heat ex- 
changers in a direction opposite to the flow of the benzolized 
oil, and then passes through the coolers for reducing its tem- 
perature to the degree necessary for absorption. This wash 
oil is circulated through the system by three Gould steam- 
driven centrifugal pumps, each with a capacity of 13,000 
gallons per hour, and two Connersville pumps, each with a 
capacity of 16,000 gallons per hour. 

The distillate from the wash oil still is known as light oil, 
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nium sulphate. The acid boiler used in this regenerating 
process is so arranged that the residue from the distillation 
process can be dumped directly from the boiler into special 
cars provided for the purpose. 

The pure products resulting from the distillation of the 
washed crudes are piped into storage tanks, from which they 
are pumped as desired for shipment. 


COKE INVESTIGATIONS. 


Extensive experiments have recently been completed by 
Arno C. Feildner and Walter A. Selvig, Bureau of Mines, 
Washington, D. C., for the purpose of ascertaining the most 
rapid and simple method for determining the moisture in 
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Top of battery “B,” showing coal bin and stacks for “A” and “B” batteries. 


and contains benzol, toluol, xylol, solvent naphtha, naphtha- 
lene and wash oil. This light oil is redistilled to separate the 
various fractions which are known as crudes. The residue 
from this distillation is run into open tanks, and the naphtha- 
lene allowed to crystallize from the wash oil by cooling. This 
naphthalene is then passed through a centrifugal drier and 
the balance of the wash oil driven off, the wash oil being 
returned to the wash oil circulating system. The crudes are 
washed with sulphuric acid and then with caustic soda, and 
are then again distilled and separated into the various prod- 
ucts. This washing is done in a building separate from the 
benzol building, so that none of the disagreeable fumes oc- 
casioned by this washing are present in the building. The 
acid sludge or residue resulting from the washing process 
is regenerated and the acid thus recovered piped to the by- 
product building for use in the manufacture of the ammo- 
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coke. The results of these experiments are presented in a 
bulletin issued by the bureau, from which the following is 
abstracted. 

A series of tests was made to ascertain the circulation 
of dry air through the oven necessary to remove the maxi- 
mum amount of moisture. Twelve samples of different 
metallurgical cokes from various sources were prepared by 
crushing the air-dry coke to 50 mesh. Moisture determina- 
tions were made in duplicate by the standard method used 
by the Bureau of Mines for determining moisture in coal. 
Samples weighing one gram were placed in porcelain cap- 
sules and in Sets of 12 heated for one hour to 105 deg. C. in 
a constant temperature oven. A current of air dried by con- 
centrated sulphuric acid was passed through the oven and 


. over the samples rapidly enough to change the total volume 


of air in the oven twa to four times a minute. 
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INDUSTRIAL SAFETY 


SAFETY CO-OPERATION. 
By H. P. Heywne. 

Every foreman, sub-foreman and all who have supervision 
should be “accident preventionists,” by teaching the men 
to do their work in a safe manner. The foreman can per- 
form an important function in safety campaigns. 

The best safeguard is a “careful workman,” as personal 
caution is the greatest of all means in preventing accidents. 

The man of capacity is he whose mind has been broad- 
ened by observation and study, which qualifications we ex- 
pect to find in our foremen, and when they lead their men in 
a proper manner, they will have a loyal following. 

The foreman should keep in close touch with his men 
and warn. them of any possible carelessness; conduct short 
“safety talks,” asking the men for their opinions, which will 
make them realize they are a part of the organization. By 
displaying earnestness in safety, the men will soon become 
enthusiastic, which creates a better feeling. 

In preventing accidents. everybody gains; nobody loses. 
The prevention of accidents is accomplished through the tri- 
umph of enthusiasm, and the principal factor is the applica- 
tion of good common sense. Men will work with and not 
simply for a man who shows some regard for them, who is 
fair with them and thoughtful of their welfare. They will 
respect him because he respects them. 

The neglect of the little things produces the bulk of pre- 
ventable accidents: the prevention is much more needed than 
compensation. There can nearly always be pointed out a 
course of action that would have prevented the accident, and 
it is true that a greater alertness on the part of the injured 
in seeing dangerous points, less excitement with more atten- 
tion to the work, would eliminate a large proportion of acci- 
dents. Therefore, the foreman who is held responsible for 
the accidents in his department should do all he can to 
eliminate them. 


Industrial Police as Safety Men. 


The patrolmen are the guardians of the company’s prop- 
erty, to protect the premises and the organization. The or- 
ganization is composed of the employees and the members 
of the police department, through safeguarding the organi- 
zation, automatically become “safety men,” and can take an 
important part in the safety movement by observing all 
places which are unsafe, together with those that might be 
improved upon along safety lines; also to be on the lookout 
for dangerous and unsafe practices, and to inform the fore- 
men when the men are following careless methods in the 
discharge of their duties. The proper assistance by the po- 
lice department is a valuable asset to the movement in any 
plant. ; 

A “safety conference” conducted periodically in police 
headquarters, besides other departments whereby many points 
may be brought up for discussion. will prove beneficial, as 
tne various members of the organization can cite instances 

that may bear investigation, and through this medium a great 
deal of valuable information may be obtained, which other- 
wise might not have been brought up for action. 


Comparative Accident Reports. 

Attention must be directed toward the classification of 
accidents as to their nature and the department in which they 
occur, in order to keep the foremen interested. in the move- 
ment, and they will be encouraged in the progress shown. 

There are many ways in which a report may be rendered 
so as to make it interesting. Reports may be executed 


Google 


whereby the department accident reductions are recorded as 
“excellent,” “good,” “fair,” “bad” and ‘very bad.” This 
scheme will create a friendly rivalry between the different 
departments. The “excellent” position may be the percent- 
ages ranging from .0 to .5: “good” from .6 to 1.5; “fair” from 
1.6 to 2.5; “bad” from 2.6 to 3.5, and ‘very bad” from 3.5 and 
upwards. The percentages may be based on the average 
number of employees on the payroll for the month. 


Teaching Accident Prevention in Public Schools. 


Accident prevention should’ be considered or adopted as 
a part of the course of study in the public schools. This may 
be accomplished through lectures and printed matter in re- 
gard to public and industrial safety. The schools may be 
furnished with folios containing safety precepts, together 
with a general description of the local industries and the 
hazards to be avoided, through which route we hope the 
elementary as well as the higher grades be educated for their 
lifework by being heedful, cautious and thoughtful. 

The safety habit can be formed more readily during the 
child’s period in school, which he will retain as he does his 
business training. While passing through the stages of edu- 
cation which embraces accident prevention, it will have the 
tendency of making the younger element more careful in 
their daily routine. | 


The society of Ohio Safety Engineers at its annual meet- 
ing in Cleveland, O., on January 22, 1918, elected the follow- 
ing officers: J. M. Woltz, Youngstown Sheet & Tube Com- 
pany, Youngstown, Q., president; A. C. Cook, Carnegie Steel 
Company, Youngstown, O., vice president; E. R. Rose, Re- 
public Iron & Steel Company, Youngstown, O., secretary and 
treasurer; G. F. Hodgson, Republic Rubber Company, 
Youngstown, O., assistant secretary and treasurer. 


The report of the officers showed the society to be in 
excellent condition, and the work that they are accomplish- 
ing is of real value in the engineering field. Membership is 
limited to persons who have had at least three years’ active 
experience in accident prevention work, and to members in 
the state of Ohio only. 


“Safe Practices,” the publication of the National Safety 
Council, in the most recent issue devotes its attention to the 
subject of “Engine Guarding and Engine Stops.” | 


Engine rooms are the first subjects for discussion. Con- 
struction suggestions take up the matter of passageways 
gradients, stairways, signs, ventilation, gallery for visitors 
and the construction of the floor. Guards on engines are of 
utmost importance and these are thoroughly discussed in 
connection with flywheels and other moving parts. Means 
of access to the different parts are to be provided with suit- 
able steps and side rail. 

Flywheels and their safe speed are given considerable 
attention. Causes of flywheel accidents are enumerated and 
prevention prescribed. Safety stops are used in various 
forms and the paper takes up in detail the consideration of 
the design and care of governor safety stops, home-made 
safety stops, automatic vacuum breakers and circuit break- 
ers. Inspection of flywheels and governors will reduce the 
liability of accident tremendously. 


Further dangers and their remedies are discussed in the 
paper in connection with piston clearances, steam separators, 
piping and drains, and lubrication. 
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Charles kK. Ash, superintendent of the blast furnaces of 
the Corrigan, McKinney & Co., Cleveland. O., has resigned 
and has been succeeded by George ©. Hollenbaugh, formerly 
assistant superintendent. 


‘| 


v. 

J. A. Aupperle, chief chemist of the research department 
of the American Rolling Mill Company, of Middletown. ©.. 
delivered an address on “The Manufacture of Iron and Steel. 
and Their Relative Rate of Corrosion,” at a joint meting of 
the Cleveland Engineering Society and the American Chem- 
ical Society on Tuesday evening, February 12. Mr. Aupperle 
supplemented his address with a number of lantern slides 
in tracing the processes in the manufacture of iron and steel! 
The feature of the address was a comparison of the anti- 
corrosive properties of “pure iron” and of steel. 

Vv 

C. D. Dyer, vice president of the Shenango Furnace Com- 
pany, of Pittsburgh, Pa., was recently elected president of 
the American Pig Iron Association. 

ee. 

J. B. Allen, former vice president, was recently elected 
president of the Union Steel Casting Company, of Pittsburgh. 
Pa. J. B. Henry, general superintendent, was made vice 
president and at present is performing the duties of both 
ofices. W. C. ‘Eichenlaub,, secretary, has been appointed 
manager of sales. Other officials of the company are: C. C. 
Smith, chairman of the board; Samuel H. Church, vice presi- 
dent, and G. W. Ejisenbeis, treasurer. 

MSY 

Harry Wright has resigned as vice president and general 
manager of the Stamford Rolling Mill Company, Stamford. 
Conn., and has been succeeded by L. G. Kibbe, formerly of 
the Turner & Seymour Company, Torrington, Conn. R. H. 
Leonard, former works manager, and H. B. Stoughton, for- 
mer sales manager of the Turner & Seymour Company, have 
also become identified with the Stamford Rolling Mills Com- 
pany. 

Viv 

Robert P. Lamont, president of the American Steel Foun- 
dries Company, Chicago, IIl., is acting as assistant chief in 
the procurement division of the Ordnance Department at 
Washington. Mr. Lamont has been commissioned lieutenant- 
colonel and is in charge of the purchase of shells and ammu- 
nition since the reorganization of the Ordnance Department 


Viv 


C. C. Jett, formerly connected with the offices of Julian 
Kennedy, Pittsburgh, Pa.. is chief draftsman of the Donner 
Steel Company, Buffalo, N. Y, 
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Wilham MecLauchlan has retired from active work with 
the Pickands, Mather & Co., Cleveland. O. This ends the 
active business career of over 45 years of a man who is one 
of the best known in the iron business throughout the Central 
West. v4 

William C. Hammerstrom, chief engineer of the Lynch- 
burg Foundry Company, has been promoted to the position 
of general superintendent, with offices at Lynchburgh, Va. 
He continues in charge of the engineering matters of the 
two other plants operated by the company at Radford, Va.. 
and Anniston, Ala. 

Vv o Be wa 

‘Cameron C. Smith, chairman of the Union Steel Casting: - 
Company, Pittsburgh, Pa., has been appointed major. Ord- 
nance Reserve Corps, and 
assigned to the Produc: 
tion Department with 
headquarters at Washing- 
ton. 

\ \ 


W. Vernon Phillips has 
resigned the position as 
secretary of the Perry 
Buxton Doane Company. 
Philadelphia, Pa., in order 
to devote his full time to 
the duties connected with 
the chairmanship: of the 
new scrap committee, to 
which he was recently ap- 
pointed at the meeting of 
the buyers and sellers of scrap held in Buffalo. 

Vv 


Edward F. Clark was re-elected president and treasurer 
of the Liberty Steel Company, Warren, O., at the first annual 
meeting of that company. H. M. Steel is vice president and 
general manager. 


W. VERNON PHILLIPS. 


Vv ¥ 


Leo G. Smith, at one time general superintendent of the 
Prime Steel Company, Milwaukee, Wis., and later organizer 
of the Electric Steel Castings Company, Milwaukee, Wis.. 
is now manufacturers’ agent for several Northwestern foun- 
dries, including the Western Crucible Steel Castings Com- 
pany, Minneapolis, Minn. 

| Vv 

Rk. T. McCloskey, formerly superintendent of the Leets- 

dale, Pa., plant of the Riter-Conley Manufacturing Com- 
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pany, has been appointed superintendent of the Wheatland, 
Pa., plant of the Blaw-Knox Company, to succeed G. Mor- 
rison, resigned. 
Viv 
Charles H. Krauss, formerly superintendent of the Weir 
Frog Company, Louisville, Ky., is now general superintend- 
ent of the Frog and Switch Company, Louisville, Ky. Mr. 
Krauss was superintendent of the Lorain Steel Company, at 
Johnstown, Pa., for a number of years. 
vo ¥ 
Joseph Graham, formerly general manager of the Vir- 
ginia Bridge & Iron Company, has been appointed manager 
of the hull department of the Sun Shipbuilding Company, 
Chester, Pa. 
vo¥ 
John L. Orrell, formerly superintendent of the Union 
Foundry & Machine Company, Pittsburgh, Pa., is now with 
the Kirk Supply Company, Pittsburgh, Pa. 


Viv 
J. C. Ferver, formerly assistant chief electrician of the 
Youngstown Sheet & Tube Company, is now chief electrician 
of the Submarine Boat Company, Newark, N. J. 


Vo 
J. W. McQueen has been elected president of the Sloss- 
Sheffield Steel & Iron Company, succeeding Waddil Catch- 
ings, who resigned to become a member of the firm of Gold- 
man, Sachs & Co. 
Viv 
R. Z. Virgin, formerly with the Wheeling Steel & Iron 
Company, Wheeling, W. Va., is to become an instructor at 
the University of West Virginia, Morgantown, W. Va. 
VV 
J. W. Lauren, formerly vice president of the Reynolds 
Wire Company, Dixon, IIl., and L. H. Bergman, until recently 
fuel engineer for the Midvale Steel Company, Philadelphia, 
Pa., have incorporated the American Industrial Engineering 
Company, with offices in the Monadnock Building, Chicago, 
Ill... and will specialize on wire mill equipment, pulverized 
fuel installations, furnace work and fuel economy. 


Vev 


Forest Rutherford announces that he has established office 
headquarters at 120 Broadway, New York, N. Y. As consult- 
ing metallurgical engineer, he is prepared to undertake work 
of this character on the construction and operation of mills 
and smelters for the treatment of ores. 


YY 


Sidney J. Jennings was elected president of the American 
Institute of Mining Engineers at that organization’s one 


hundred and sixteenth meeting, held in New York, February 
18-21. At the institute’s 1917 meeting, he was defeated for 
the presidency on a letter ballot by Philip N. Moore, St. 
Louis, whom he now succeeds. As a consulting engineer, 
he has had a wide experience. He becomes head of the 
American Institute of Mining Engineers under auspicious 
circumstances, since during 1918 geologists, metallurgists and 
mining engineers the country over will be called upon to 
conserve and utilize to the best possible advantage, the coun- 
try’s metal resources. 
Viv 

Directors of the Whitman & Barnes Manufacturing Com- 
pany, following the annual stockholders’ meeting at the com- 
pany’s general office, elected A. D. Armitage president of 
the corporation. 

Armitage, familiarly known as “Don” among his friends and 
associates in the iron and steel 
industries of the United States 
and Canada, has been continu- 
ously connected with the com- 
pany 25 years at its three fac- 
tories and offices in Akron, Chi- 
cago and St. Catharines, Can. 

He started as mechanic in 
the Akron factory September 1, 
1892, became purchasing agent in 
1000, was transferred to the ‘Chi- 
cago factory in 1902 and made 
superintendent of that plant in 
1904. In 1908 the board of direct- 
ors elected him general manager 
of the three factories and man- 
ager of sales of Canada. At the 
annual meeting in 1915 he was 
elected vice president and man- 
ager of the Chicago and Canad- 
ian factories with charge of sales 
at those offices. His various 
official positions at the three fac- 
tories and offices during his 
period of connection with the 
company particularly fit him for 
the office of president. 

C. E. Sheldon and Armitage have been intimate co-work- 
ers in the organization. Last September Sheldon celebrated 
50 years and Armitage 25 years’ continuous services. It was 
with gratification that the former president and chairman 
lately witnessed the selection of his associate to the highest 
office in the company. 


A. D. ARMITAGE. 
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THOMAS METER ‘MEASURING COKE OVEN GAS 
USED IN SOAKING PITS. . 


Increasing quantities of surplus gas from by-product 
coke oven plants are being consumed jn various processes 
in steel mills and it is desirable to have an accurate and 
reliable measurement of this gas. For this purpose. the 


Recording panel located in the office of the rolling mill 
superintendent of the Brier Hill Steel Company, 
Youngstown, O 


Thomas meter has been applied, which measures the quantity 
of gas in standard units, such as cubic feet at 30-60, without 
any calculations or corrections for pressure and temperature, 
although these may vary through wide ranges. The total 
quantities (in cubic feet) are shown on an integrating meter 
and the rate of flow is shown graphically on a curve-drawing 
instrument. The graphic chart obtained from this instru- 
ment is very useful to the superintendent of a coke oven 
plant, showing him at a glance the amount of gas being 
used for fuel in the coke ovens over any period with varia- 
tions in quantities clearly indicated. 


The meter is installed in a housing which replaces a por- 
tion of the gas-pipe line, as shown in one of the installation 
views accompanying this article. The principle of the 
Thomas meter is that it measures the heat capacity of a gas 
electrically. The amount of electric heat necessary to raise 
a standard unit 2 deg. is used as a measure of the gas flowing 
through the meter. The electricity for heating the gas can 
he conducted on comparatively small wires, consequently the 
meters showing the amount of gas used can be placed in the 
superintendent’s office or other desired location, which may 
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be several hundred feet from the meter proper. The re- 
cording panel is shown in one of the illustrations as in- 
stalled in: the office of the rolling mill superintendent of the 
Brier Hill Steel Company, at Youngstown, O. The graphic 
chart shows him at a glance just how much gas is being 
used at any time in the soaking pit building. The complete 
Thomas meter and recording panels are made and installed 
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The Thomas meter housing is located at a convenient 
point in the gas line just after it enters the soaking 
pit building. 


by the Cutler-Hammer Manufacturing Company, of Mil- 
waukee, Wis. 


PORTABLE ELECTRIC DRILLS AND GRINDERS. 

At this time when working in metal and wood are synon- 
omous with carrying on the war, any labor-saving device 
which can be employed should be put to work at once. 
Portable electric tools which replace hand operation, save 
time and labor and increase the output of a given working 
space. Particularly is this true of a portable electric drill. 
Less “elbow room” is required by a workman using one of 
these devices, and since he can drill a great many more holes 
per hour, he can replace a number of men who may be given 
to other tasks. This drill, which is manufactured by Gilfillan 
Brothers Smelting & Refining Company, of Los Angeles, 
Cal., is equipped with gears to give two speeds. These are 
changed by means of a knob on the bottom of the gear case. 
The gears themselves are made of chrome nickel steel and 
run in grease. Ball bearings are used throughout. A %-inch 
standard chuck and a sturdy electric switch are provided. 
The speed range is 400 r.p.m. on low speed and 700 r.p.m. 
on high speed. Westinghouse motors are furnished. 
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ALL STEEL AIR HOISTS. 


The Curtis Pneumatic Machinery Company, St. Louis, 
Mo., has placed on the market a power air hoist which is 
especially adapted for light and medium work. The hoists 
made by this company differ from 
other makes in regard to the man- 
ner in whicih the air is connected 
and controlled. The cylinders used re- 
semble the ordinary cylinder in other 
hoists but in reality are like electric 
motors where shunt, compound and 
winding give widely divergent character- 
istics without changing the outward ap- 
pearance. 

The double acting cylinders, where 
air pressure can be admitted or exhaust- 
ed from either end of cylinder at will, 
have a positive power stroke in both 
directions. Most of the cylinders of this 
ivpe are for special purposes. The 
pendant or bracket hoists are equipped 
with patent speed regulators cr speed 
boxes. This speed regulator is safe and 
simple and automatically governs the 
metion of the piston independent of the 
operatoi’s valve. 

The hoists manufactured by this 
company can be provided with auto. 
matically acting cushions to gently stop 
the motion of the piston as it ap- 
proaches the limits of its travel. These 
cushions are self contained in the ends 
of the cylinder and act similiarly to the 
the well-known pneumatic door check, 
used to prevent heavy doors from slani- 
ing. The accompanving cut shows the double acting air 
cvlinder with pneumatic cushions and speed boxes. 


— 


New shop hoist. 


MAGNETIC BRAKES. 


The principle of the type of magnet which has been so 
successfully incorporated in the design of magnetic control- 
lers by the Westinghouse Electric & Manufacturing Company, 
of East Pittsburgh, Pa., has been employed by the company 
in a new design of magnetic brakes just developed for use 
with mill, crane and hoist motors. The use of a clapper 
type magnet eliminates all moving parts within the coil and 
the consequent wear, sticking or damage to insulation. The 
modified and improved type A alternating-current brake with 
which the trade is already familiar, and the new type B 
direct-current are similar in operation and have common 
parts throughout except for the armature lever and magnet. 

These brakes are characterized by the quickness of their 
operation. They respond almost instantly, “releasing” when 
the power is applied and “setting” when the power is cut 
off. This is due to the design of the operating magnet which 
gives high initial pull and a very small distance of travel 
(%4 to 1 inch). 

Their operation is similar. When voltage is impressed on 
the motor the magnet is energized and the magnet armature 
lever overcomes the pressure of the compression springs 
through a toggle and releases the brake-shoe grip upon the 
brake wheel. While the magnet remains energized the brake 
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wheel is allowed to rotate freely. As soon as the current is 
shut off from the motor the brake magnet releases and the 
compression springs force the shoes against the brake wheel 
and bring the motor quickly and smoothly to rest without 
shock or jar. The compression exerted by the springs can 
be easily adjusted, so that any holding or retarding torque 
up to the full capacity of the brake can be obtained for equal 
braking effort for both directions of rotation. Simple means 
for making adjustment for shoe wear are provided. 

In case adjustments for shoe wear should be neglected, a 
safety feature has been introduced so that the brake does 
not fail to hold the load, but the magnet will not release 
the grip on the brake wheel. This insures proper brake 
operation and the elimination of accidents due to the slippage 
of the brake wheel. 


A FUEL OIL BURNER. 

The prevailing shortage in the coal supply is turning the 
attention of many manufacturers to the use of liquid fuel. 
There have been a number of solutions of the problem of 
atomizing the oil and mixing it with the air. The illustra- 
tion shows a burner made by the Foundry Equipment Com- 
pany, of Cleveland, O., which is designed to overcome some 
of the difficulties encountered in burning liquid fuel. 

The burner connections provide for a %-inch oil line feed- 
ing at a pressure of five pounds per square inch, and a 2-inch 
air connection for air at two pounds per square inch. Part 
of the air passes through the hollow brass valve stem which 
regulates the oil supply. The oil meets the air through the 


stem at a sharp angle and vaporizes in passing through the 
valve. Outside the valve a secondary air current meets the 
current of vaporized oil, and produces further atomization 
and the proper mixture of oil and air for combustion. 

The design of the burner is simple and at the same time 
overcomes some of the important difficulties. It provides 
against clogging, due to dirty and lumpy oil feeding through 
a small orifice, and also makes possible the clearing out of 
obstructions by turning the hand wheel on the valve stem 
so as to open the oil passage to full size. The construction 
of the burner permits the feeding of a very small or large 
quantity of oil, as well as a complete control over the supply 
of air for combustion. 


Graham furnace, at Graham, Va., operated by the Poca- 
hontas Pig Iron Corporation, is expected to start up imme- 
diately on ferromanganese. It has operated on spiegeleisen 
for the past two months. 

The new open hearth plant of the Trumbull Steel Com- 
pany, Warren, O., is nearing completion and is expected to 
be in part operation about March 10. 
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It has been announced officially that 
arrangements have been completed 
whereby the business of both the Gold- 
schmidt Detinning Company and the 
Goldschmidt) Thermit) Company — will 
hereafter be conducted by the Metal & 
Thermit Corporation, with general of- 
tices at 120 Broadway, New York City. 

Ik. R. Rose, of the Republic Iron & 
Steel Company, of Youngstown, ©., 1s 
secretary and treasurer of the Society of 
Ohio Safety Engineers. 

C. V. Hackman, formerly works man- 
ager and secretary of the Mount Union 
kefractories Company, Mount Union, 
Pa. has been made assistant to the pres- 
ident. V. L. Wallet, formerly assistant 
treasurer, has been made secretary and 
treasurer, and J. O. Heitsenrether, for- 
merly sales manager, has been made 
works manager. 


H. A. Jensenius has gone into busi- 
ness under the name ot the Anker Iin- 
wineering Company, conducting a gen- 
eral engineering business, and specializ- 
ing in hydraulic machinery. Mr. Jen- 
senius for a number of years was in 
charge of the hydraulic machinery de- 
partment of R. D. Wood & Co., of Phila- 
delphia, Pa. 

The Steel Company of Canada, Ham- 
ilton, Ont., has recently put a new sheet 
mill into operation. rolling black sheets 
ranging from 14-30 gave. This ts the 
only sheet mill in operation in Canada 
at the present time. 


A small book, compiled by the Amer- 
ican Tron and Steel Institute 1s just off 
the press. giving information with = re- 
vard to “Maximum Prices on Iron and 
Steel Products,” with differentials and 
extras as agreed upon by government 
officials and committees of the American 
lron and Steel Institute. The book also 
contains lists of the various committees 
of the Tron and Steel Institute, and a 
complete chronology of price fixing dat- 
ing) from July 12, 1917. 

David P. Ballard, formerly purchasing 
agent for the Wellman-Seaver-Morgan 
Company, 1s now with the Acme Manu- 
facturing Company, of Cleveland, 0. 


At the annual meeting of the National 
Pressed Steel Company, Cleveland, O.. 
several changes in the organization were 
made. H. B. Bole. formerly general 
manager, was made first vice president: 
George C. Brainard, formerly factory 
manager became general manager. The 
latter was succeeded by J. D. Corcoran. 
Hl. F. Pettee became secretary, succeed- 
ing Maj. Ben FP. Bole. At the annual 
meeting of the stockholders, C. A. Ir- 
win was added to the board of directors. 
Mr. Irwin was formerly president of the 
Canton Shect Steel Company. which 
was recently taken over by the Hydrau- 
lic company. 


The Schutte & Koerting Company. 
Philadelphia, Pa.. has been taken over 
by the United States government and 
will be conducted by the Alien Property 
Custodian, 


Google 


the Blast Furnace Steel Plant 


The Heyl & Patterson Company, Pitts- 
burch, Pa., builder of special cranes and 
matertal-handling equipment, has opened 
a New York ofhce at 30° Chfirch street. 
J. N. Kinney has represented the com- 
pany in New York for several years. 
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Iron Cre, Pig Iron and Steel in 116, 
is a booklet written by Ernest Fk. Bur- 
chard and issued by the United States 
Geological Survey, which deals with the 
mineral resources of the United States 
during the year 1916. Statistics are 
viven for the production of iron. ore. 
pig iron, steel and coke not only for 
O16 but for preceding years by way 
of comparison. Curves are reproduced, 
showing production of these commodities 
as far back as 1870 and prices dating 
back to 1911, 

Gas Meters for Large Volumes — The 
Cutler-Hammer  Manutacturing  Com- 
pany, Milwaukee, Wius., has just issued 
an eigut-page booklet (known as book- 
let T) descriptive of the Thomas meters 
for the accurate commercial measure- 
ment of gasses and air in large quanti- 
ties. The meter is described elsewhere 
in this issue. 

Tin Plate—The American Steel Com- 
pany, manufacturer of wire nails and tin 
mill products, with general offices in the 
Park Building, Pittsburgh, and plants at 
Waynesburg and Ellwood City, Pa.. has 
just issued its latest catalog. Tt is an 
exceptionally well compiled brochure, 
printed on high grade paper and neatly 
bound. The catalog in addition to sup- 
plying concisely prices and illustrations 
of products by the company also includes 
HHustrations of its plants and their equip- 
ment, and carries a fund of data, show- 
ing the method of manufacturing — tin 
plate. as well as instructions for order- 
inv and handling. 

Buckets and Tubs—.\ new catalog ts- 
sued by the Brown Hoisting Machinery 


Company, Cleveland, ©., contains full 
details regarding the line of coal, ore, 


excavating, drag-line and special buck- 
ets and tubs manufactured by the com- 
pany at the present time. Details of 
construction are explained in a= graphic 
manner and illustrations give an idea of 
the extensive uses to which this class of 
mnachinery is adapted. Grab buckets 
from 27 to 360 cubic feet capacity are 
noted in this catalog, and tubs from 13.6 
to 202.7 cubic feet are tabulated. 
Reinforcing Bars—.\ 24-page bulletin 
devoted to descriptions and illustrations 
of concrete reinforcing bars was recent- 
ly issued by the Cambria Steel Com- 
pany, Philadelphia, Pa. These bars are 
of substantially uniform cross-section in 
order to provide an equal strength 
throughout the entire unit. The pro- 
jyections on the bars are arranged in the 
form of undulations or waves and are 
so located that the concrete can be firm- 
ly bedded on all portions of the bar 
without possibility of formation of air 
pockets. It 1s claimed as a distinct point 
of superiority that these bars can be 
spliced satisfactorily which makes the 
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beam dependent on the steel rather than 
the concrete for its sttength. The book- 
let includes sizes, areas and dimensions 
of different types of bars and includes 
specilications such as areas in square 
inches, weight per foot, etc. 
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George Summers, of the Federal Ex- 
port Corporation, New York, died at his 


former home in Philadelphia, Pa., on 
Saturday, February 16, 1918. of pneu- 
monia. 


Before joing the steel department of 
the Federal Export Corporation, Mr. 
Summers had spent 10 years with the 
Carnegie Steel Company in the capacity 
of salesman and as investigator of steel! 
statistics. Previous to his connection 
with the Carnegie Steel Company Mr. 
Summers was with the Allison Manu- 
facturing Company, Philadelphia, Pa. 

W. B. Williams, for many years. su- 
perintendent of the tube department at 
renwood, W. Va.. of the Wheeling Steel 
& [ron Company, Wheeling, W. Va., died 
recently at Pleasantville, N. J... where 
he had made his home since July last. 


Thomas Fawcus, president of the 
kaweus Machine Company, of  Pitts- 
burgh, Pa. died recently here. Mr. 


lFawcus was associated during his career 
with the Westinghouse Electric & Manu- 
facturing Company, Anderson-Dun Puy 
Company and the R. D. Nuttall Com- 
pany. He was the organizer of the 
Faweus Machine Company, which com- 
menced operation in 1900. 
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Society Meetings 
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The next meting of the Engineers So- 
ciety of Western Pennsylvania will be 
held March 5, at Union Arcade Building. 
Pittsburgh, Pa. H. A. S. Howarth, as- 
sociate of Albert) Kingsbury, engineer, 
Pittsburgh, will read a paper entitled, 
“Simplification of Riveted-Joint Design.” 
The Pittsburgh section of the A. I. S 
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I. Ic. will meet March 16 at Hotel 
Chatham, Pittsburgh, Pa. Mr. Wilson. 
of the Cutler-Hammer Manufacturing 
Company, will read a. paper on “The 
Principles of Measuring Gas Electric- 
ally.” 


The Cleveland section of the A. I. S. 
Kk. EK. will hold a joint meeting with a 
section of the A. I, E. E., at Cleveland. 
.. on March 8 A paper prepared by 
the standardization committee on the 
sudject of steel industry motors, will be 
presented. 


The Philadelphia section of the A. I. 
S. E. E. will meet April 6. A paper en- 
titled, “Electricity Used in Modern Ship 
Yards,” will be presented by C. M. Hen- 
sen, chief electrician of the shipbuilding 
plant of the Bethlehem Steel Company, 
Sparrows Point, Md. 


The American Society for Testing Ma- 
terials will hold its twenty-first annual 
meeting at Atlantic City, N. J... June 
25-28, with headquarters at the Hotel 
Traymore. 
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Water Cooling Systems 


Cool water the year round to steam turbine condensers 
means a 28-inch vacuum. The yearly saving effected will 
average from 45% to 50 of the installation cost. Hundreds 
of “SPRACO” Systems have been installed in nearly every 
state in the United States and in Canada, Mexico, Cuba and 
South Africa. Results are guaranteed—Let us send you 
the booklet “SPRACO” System for Cooling Condensing 
Water. 


Send to-day for the complete story with list of tmstallations. 


Air Coolers and Washers 


enable Turbo-Generators to maintain capacity loads—even higher loads when the temperature is reduced much 
below the usual temperature at the generator. The yearly saving in increased capacity will pay for the instal- 
lation several times over. Put the coal situation out of your mind, get that increased capacity from the fuel 


and equipment you now have. 
Clean air reduces the number of burn-outs, expensive shut-downs for cleaning and lengthens the life 
of the generator. 


Send today for the complete story with list of installations 


Spray Engineering Company §* 


Boston, Massachusetts 
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